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Twenty years ago, in his Principles 
of Gestalt Psychology, Kurt Koffka 
posed the problem of visual percep- 
tion in the succinct question, “Why 
do things look as they do?”’ He took 
issue with the usual answer that 
things look as they do because of our 
past experience with them, arguing 
that an empiristic theory not only 
failed to account for many of the 
facts of visual perception, but, in 
addition, entailed a number of logical 
difficulties. 

Few of Koffka’s arguments have 
been satisfactorily met; nevertheless, 
two decades later, a survey would 
show that his analysis has had little 
or no impact on the psychological 
literature dealing with this problem. 
For example, a widely used textbook 
states: ‘‘With the few possible excep- 
tions provided by primitive organiza- 
tions, all perceiving is dependent 
upon past experience—the so-called 
habit factor’ (45, p. 410). More- 
over, the empiristic theory has re- 
emerged in the currently popular 
assumption that perceptions are gov- 
erned by motivational and affective 
forces; in this remodeling, however, 

! We take this opportunity to state our in- 
debtedness to Dr. Hans Wallach who has so 
greatly influenced our approach to the prob- 
lems discussed in this paper. We also wish to 
express our gratitude and appreciation to Dr. 


Evelyn Raskin for her invaluable editorial as- 
sistance. 


critical questions involved in an ex- 
periential approach to perception 
continue to be overlooked. 

The present paper attempts to re- 
consider the logic of the central prob- 
lem and to examine the evidence bear- 
ing, in particular, on the question of 
whether form perception is learned. 
We shall restrict our discussion to the 
controversy between theories which 
emphasize the role of learning (em- 
piristic theory) and the theory which 
stresses the role of innate organizing 
processes (which we shall briefly refer 
to as the organization theory). The 
concept of organization is, of course, 
basic to Gestalt psychology. With 
respect to its relevance for the field 
of perception, however, it can be 
evaluated on its own merits quite 
apart from the validity of other 
aspects of Gestalt theory, particu- 
larly the physiological theories ad- 
vanced by Gestalt psychologists. 


ANALYSIS OF THE Two THEORETICAL 
APPROACHES 


It is difficult to find a clear, unam- 
biguous statement of an empiristic 
position; moreover, many writers 
assume the validity of empiristic 
hypotheses but do not offer an an- 
alysis of basic questions. The formu- 
lation of the problem by Ames and his 
co-workers (the transactional ap- 
proach) may serve, however, to il- 
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lustrate a modern empiristic theory 
which has focused on some of the 
essential issues in the problem of per- 
ception. 

The transactionalists (28) argue 
that the percept cannot be derived 
from the retinal image alone, since 
an infinity of external objects can 
give rise to the same pattern of stim- 
ulation on the retina. For example, 
a small object nearby and a large ob- 
ject at a greater distance can result in 
the same sized retinal image; simi- 
larly, a circular retinal image may 
be produced by a circle in the frontal 
parallel plane or by an ellipse tilted 
from this plane. Or, once again, a 
retinal image of a specific intensity 
may be produced by either a black 
object in bright illumination or a 
white object in dim illumination. 
How then, in view of this equivalence 
of outer configurations in producing 
identical retinal images, can the or- 
ganism ‘“‘know”’ which object to see ?? 
The answer given to this question is 
that the explanation is to be sought 
in the realm of past events; the ret- 
inal stimulus pattern must be inter- 
preted in the light of knowledge from 
the past. 

The question of what the organism 
sees originally—before it is able to 
interpret the retinal pattern—is not 
raised. It seems clear, however, that 
an empiristic position of this kind 


* It is true, of course, that a given retinal 
form may be produced by an “infinity” of ex- 
ternal configurations. This statement must, 
however, be qualified. The same elliptical 
retinal image can result from an elliptical ob- 
ject in the frontal parallel plane or from a 
variety of circles at different tilts from this 
plane, etc., and, in this sense, the retinal image 
is ambiguous. But, under no circumstances, 
could a retinal ellipse be produced by a rec- 
tangular or triangular object. There is a limi- 
tation, then, to the ambiguity of the retinal 
image and, accordingly, there is no need for 
invoking assumptions to explain why we see 
a rounded object and not a triangle. 
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must hold that the initial perceptual 
experience would be ambiguous—a 
given image could result in the per- 
ception of a small or large object, a 
black or white object, etc. By means 
of “purposive action’’ with respect 
to the object, we build up “assump- 
tions” which then determine the 
nature of the present perceptual ex- 
perience. 

Empiricists in the past formulated 
the problem in a similar way, but in- 
stead of speaking about the ambig- 
uity of the stimulus they emphasized 
the fact that the stimulus is fre- 
quently such that it should lead to a 
percept different from the one which 
actually occurs. They pointed out, 
for example, that the shrinking image- 
size of an object as it moves away 
from the eye should result in the per- 
ception of diminishing size. Size con- 
stancy could not, therefore, be ex- 
plained by the retinal image alone; 
the latter had to be supplemented or 
modified by the contributions of pre- 
vious learning. Moreover, the sense 
of touch, rather than purposive ac- 
tion, was thought to provide the basis 
for the learning needed to attain the 
correct percept (especially, in the 
case of form perception). 

Kdhler (32) has pointed out that 
underlying the empiristic concept is 
the implicit assumption of the ex- 
istence of a one-to-one correspond- 
ence between local retinal stimulation 
and the resulting sensory experience. 
Any change in the local stimulus, 
therefore, should result in a corres- 
ponding change in the percept. The 
fact that such a change does not al- 
ways occur (e.g., perceptual 
stancies) had to be explained. 

The organization theory differs 
from empiristic theory in its concep- 
tion of the physiological correlate of 
the percept. Empiristic theorists 
have assumed that the percept should 


con- 
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be correlated with the process initi- 
ated by the local retinal stimulus. 
Organization theorists have related 
the percept to a more comprehensive 
set of central processes initiated by 
certain relationships in the stimulus 
pattern. When the stimulus is de- 
fined in relational terms, it is no 
longer always necessary to consider 
the retinal image either as inadequate 
or as ambiguous for the determina- 
tion of the percept and to invoke past 
experience as a way out. 

The difference between the two 
theories in this respect can be most 
clearly illustrated by reference to the 
problem of achromatic color percep- 
tion. The empiricist would say that 
since different intensities of reflected 
light may give rise to the same per- 
cept (an object in different illumina- 
tions appears the same color—i.e., 


brightness constancy) or since the 
same intensity may give rise to dif- 
ferent percepts (a piece of coal in 
bright illumination and a white paper 


in shadow which reflect equal 
amounts of light to the eye), the 
proximal stimulus is consequently 
either ambiguous or inadequate. 
According to the organization 
theory, however, what is seen in a 
particular region of the visual field 
depends not only on the properties of 
the retinal image corresponding to 
this region (the local stimulus) but 
also on stimulation from adjacent or 
surrounding areas. Wallach (72) 
has clearly shown that the stimulus 
for achromatic surface color is not the 
absolute intensity of light from region 
A alone but is the ratio of light in- 
tensities from regions A and B. With- 
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out changing the intensity from A, 
the perceived color in A can be made 
to vary from black to white by 
changing the intensity from B. The 
specific neutral color seen will de- 
pend on the ratio of the two light 
intensities.* 

The assumption of one-to-one cor- 
respondence between the local stimu- 
lus and perception is therefore in- 
valid. When the stimulus is consid- 
ered as a relational pattern, it is not 
ambiguous as the determinant of per- 
ceived neutral colors. The coal in 
bright illumination and the paper in 
shadow do not give rise to the same 
pattern of retinal excitation. The 
ratio between the intensity of the 
object and that of its surround would 
be different in each case and therefore 
the perceived colors would differ. 
Conversely, we can take an object of 
a particular albedo, place it on a 
background of some given color and 
vary the illumination. In spite of the 
changing amount of light reflected 
from the object, it will be seen as the 
same neutral color (brightness con- 
stancy) because the ratio of light in- 
tensities from the object and _ its 
background remains the same. There 
is, then, no necessity for assuming 
that the organism has to learn to see 
the object as black in one case or as 
white in the other (or as the same 
color in constancy situations).* 


* Reflection from two surfaces represents 
the simplest stimulus for neutral color; in 
everyday life, of course, the stimulus condi- 
tions are more complex. 

‘As a matter of fact, careful consideration 
of Wallach’s findings indicates that a learning 
theory for perceived achromatic color (or for 
brightness constancy) is impossible. For 
learning to occur, the organism would have to 
take into account the illumination in which a 
particular gray surface is given and to correct 
for changing illumination. There is, however, 
no way in which illumination can be regis- 
tered independently from the surface color; 
both are given by the same stimulus variable 
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The same approach is applicable to 
the problem of size perception. A 
particular retinaljfimageJ[may cor- 
respond either to a large object far 
away or a smaller object nearby. The 
stimulus situation is ambiguous only 
when distance cues are eliminated or 
are inaccurate. It is, therefore, en- 
tirely possible that the underlying 
correlate for perceived size is the in- 
teraction of the area excited in the 
visual cortex corresponding to the 
size of the retinal image and the 
physiological correlate of phenomenal 
distance (whether the distance cues 
themselves are learned or not).* Such 
an interaction process may be an out- 
come of learning but until this can 
be proven, the alternative of innate 
organization cannot be ruled out. 

In certain cases, however, even 
when the percept is considered to be 
based upon stimulus relationships, 
ambiguity as to what will be per- 
ceived still persists. The following 
example illustrates the point. Sup- 
pose we have in a darkroom situation 
a luminous point A, surrounded by a 
luminous rectangle B. Duncker (14), 
in his investigation of the stimulus 
conditions for phenomenal move- 
ment, found that, if the rectangle B 
is slowly moved to the right, point A 
is seen to move to the left, while the 
rectangle is perceived as stationary. 
Unless the stimulus situation is de- 
fined relationally, one would have to 
predict that B would be seen to move 


—the amount of light reflected from the ob- 


* Size constancy (defined functionally as a 
process of interaction of retinal size and per- 
ceived distance) should be distinguished from 
the problem of distance perception per se. 
Evidence that distance cues are entirely or 
partly learned would not prove that this inter- 
action process is learned. Conversely, if dis- 
tance cues are innate, it does not follow that 
size constancy is innate. 
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since only the image of B is displaced 
on the retina. But even if defined in 
this way, the stimulus condition is 
still ambiguous, since in physical 
terms the situation can be correctly 
described either as A being displaced 
with reference to B or B in relation to 
A. Thus there are two possibilities; 
phenomenally, however, one is re- 
alized—only point A is seen to move. 

How is this “preference” to be ex- 
plained? Early empiristic theory 
would have maintained that only B 
should appear to move. Transac- 
tionalists might argue that initially 
either or both possibilities could be 
experienced and we learn to see only 
the point move, since in real life it is 
the smaller, surrounded object that 
usually moves. Carr has offered a 
similar explanation (8). 

Duncker believed that seeing point 
A move is a consequence of the opera- 
tion of a selective principle which may 
be defined as follows: When an object 
A is surrounded by a second object B, 
then no matter which one is actually 
moving, only the surrounded one 
will be seen to move, the outer object 
taking on the character of a frame of 
reference which tends to be perceived 
as stationary. So strong is this princi- 
ple that, even if the surrounded ob- 
ject is the observer himself, he will 
feel himself to be in movement al- 
though objectively it is the surround- 
ing object or scene which is moving 
(induced motion of the self). Accord- 
ing to this viewpoint, the law of sur- 
roundedness represents an outcome 
of innate organizing factors in the 
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brain and not a product of learning. 

It may be useful at this point to 
summarize the principal features of 
the organization theory: 

1. The percept is considered to be 
based on stimulus relationships. 
Some examples of phenomena explic- 
able in terms of relational stimulus 
conditions in addition to achromatic 
surface color (ratio of light intensi- 
ties) and movement (relative dis- 
placement) are: phenomenal velocity 
(rate of figural change [6, 73]); geo- 
metrical illusions; chromatic color 
contrast; and those listed below as 
illustrating the operation of selective 
principles. 

2. In many cases, it is necessary to 
assume, in addition to the relational 
properties of the stimulus, the opera- 
tion of selective principles according 
to which sensory data are organized. 
Thus, one perceptual experience arises 
rather than another, although, on the 
basis of stimulus conditions, both are 
equally possible. Some examples 


where such principles are assumed to 
be operating are: laws of grouping 


(80); apparent movement; figure- 
ground organization (58); laws of sur- 
roundedness and separation of sys- 
tems in movement (14); sound local- 
ization by head movements (74); 
depth based on retinal disparity (82); 


*Some writers, while opposing the empir- 
istic view, do not see any need for a concept of 
organization. Thus, Gibson (19) and also 
Pratt (49) argue that it is sufficient to correlate 
the stimulus conditions with the resultant per- 
cept in accordance with traditional psycho- 
physical method. Gibson has also pointed up 
the necessity for correlating the percept with 
more complex aspects of the stimulus. He 
does not see the need, however, to correlate 
the percept with the central processes initiated 
by the stimulus relationships, as does the or- 
ganization theory. The above examples of se- 
lective principles show very clearly that the 
proximal stimulus itself, however defined, 
does not contain all that is needed for an ex- 
planation of the percept. 
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kinetic depth effect (77) ; phenomenal 
identity (41, 69).7°° 

3. The further assumption is made 
that the percept is innately deter- 
mined by such stimulus relationships 
and selective principles of organiza- 
tion. Lashley has described this posi- 
tion in the following statement: 

“The nervous system is not a neu- 
tral medium on which learning im- 
poses any form of organization what- 
ever. On the contrary, it has definite 
predilections for certain forms of or- 
ganization and imposes these upon 
the sensory impulses which reach it”’ 
(35, p. 35). 

It is possible for an empiricist to 
agree with organization theory that 
the stimulus is a relational affair; in 
addition, he might even agree to the 
assumption of selective principles. 
He would then have to argue that 
these principles are based upon past 
experience. These views, however, 
would represent a radical change 
from traditional empiristic thinking; 
there are indications that empiristic 
theory may now be moving in this 
direction (48, 71). 

The contrast between the two the- 
oretical approaches can be further 
illustrated by the problem of form 
perception. , 

We assume that it is now generally 
agreed that the relative position of 
points in the visual field does not have 
to be learned but is given by the rela- 
tive position of corresponding points 
of excitation in area 17 (although at 


7 It is still too early to tell whether phe- 
nomenal casuality as investigated by Michotte 
(43), should be included in the above list. 

* It does not seem to the authors that the 
concept of Priignanz is either clear or helpful 
in dealing with perceptual phenomena; more- 
over, there is very little unambiguous evidence 
to support it. On the other hand, selective 
principles as described by Wallach do seem to 
imply some tendency toward preserving con- 
stancy in perceptual experience. 
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one time this was a debated issue). 
The orderly projection of the retinal 
points to the visual cortex in such a 
way as to preserve the same position 
of points relative to one another (top- 
ologically) seems a sufficient condi- 
tion for the explanation of the percep- 
tion of visual direction. Walls (79) 
refers to these anatomical facts as an 
additional argument against an em- 
piristic theory of visual direction. 
Furthermore, there is evidence against 
a learning theory for radial direction 
—i.e., the direction of a point from 
the observer (see p. 282). A precondi- 
tion for radial direction must surely 
involve the perception of correct posi- 
tion of points relative to one another. 
Consequently, the major unresolved 
issue in the area of form perception is 
whether organization of the field is a 
result of learning. 

As experienced, the visual field is 
not a patchwork of various colors and 
brightnesses but consists of circum- 
scribed units, certain areas belonging 


together and forming shaped regions 
which are segregated from other re- 


gions. Wertheimer (80) emphasized 
that segregation in the visual field 
was not a fact to be taken for granted 
but one which presented a crucial 
problem in the investigation of per- 
ceptual processes. One explanation 
of this problem has been given in 
terms of the retinal image. But the 
explanation that one sees a book be- 
cause the image of a book stimulates 
the retina is insufficient. Sometimes 
one may not see a segregated unit 
when its image is objectively present 
(e.g., camouflage) and at other times, 
one may see a unit where objectively 
there is none on the retina (e.g., a 
star constellation). An even more 
fundamental objection is the fact 
that, although the retinal image may 
accurately represent the external sit- 
uation, in that a homogeneously col- 
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ored form would give rise to an image 
having the correct shape and repre- 
senting the color appropriately,’ there 
is no reason why the percept should 
be correctly organized (i.e., in agree- 
ment with the shape and segregation 
of that form in the external world). 
The mosaic of stimuli on the retina 
could be organized in various ways. 
It is logically possible, for example, 
to see part of the form together with 
part of the surrounding area as one 
unit; the shape of this unit would be 
determined by the parts which are 
united. 

The tendency to attribute certain 
aspects of perceptual experience to 
the retinal stimuli (the view that or- 
ganized shape is given by the image) 
has been called by Kéhler (32) the 
“experience error.’’ Many empiristic 
writers, including Ames, do not ex- 
plicitly deal with the problem of form 
perception, apparently not realizing 
that it is a problem. Similarly, S-R 
theorists generally speak of a form as 
a stimulus which is given and simply 
assume that no explanation is neces- 
sary. Since, however, the organized 
percept is not directly given by the 
retinal image, a theory is needed to 
explain the perception of forms. 

The “correct” organization can be 
explained in two ways. Empiristic 
theories assume that the sensory data 
are structured only as a result of 
learning. According to this view, a 
young child or animal would initially 
not experience a visual field with 
segregated objects. Instead, it would 
see a mosaic of different brightnesses 
and colors (or perhaps an incorrectly 
segregated field). Murphy (46), for 
example, states that the infant has to 
learn to sort out his impressions and 
to learn that certain stimuli go with 


®* We are limiting our discussion to two- 
dimensional forms presented in the frontal 
parallel plane. 
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others. From the initial blur, there 
gradually emerges a segregated visual 
object. 

The alternative explanation argues 
that the sensory impulses are struc- 
tured according to selective principles 
of organization which do not depend 
on learning. Such selective principles 
were first described by Max Wert- 
heimer (80), who referred to them as 
laws of grouping. Using line and dot 
patterns, he demonstrated that group- 
ing was not a random arbitrary affair 
but occurred according to definite 
principles such as proximity, similar- 
ity of color and size, good continua- 
tion, etc. Wertheimer described and 
illustrated these principles with dots 
and lines but he did not in any way 
imply that grouping factors operate 
only with such stimuli. These factors 
are intended as an explanation for ob- 
ject and form perception in general. 
Perhaps not all of these factors are 
necessary to explain organization. 
Some may, as a matter of fact, prove 
to be incorrect; nevertheless, organiz- 
ing factors of this kind seem indis- 
pensable for the explanation of form 
perception. The following illustra- 
tion demonstrates how these princi- 
ples would operate to account for the 
perception of a black circle on a white 
background. 

1. Within the circular contour of 
the retinal image of the black circle, 
all points are similar in color as are 
the points outside the contour (group- 
ing by similarity of color). 

2. Within the contour, all points 
are nearer to each other than to 
points outside the figure with the ex- 
ception of points on the contour 
(grouping by proximity). The follow- 
ing diagram illustrates how this fac- 
tor would work: 

In A one sees two constellations of 
lines each because of proximity. In 
B the two constellations are even 
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further unified and segregated from 
each other. In C the grouping is still 
better and now we have two distinct 
forms as in everyday life (modified 
from Kéhler [30}). 

Thus, similarity and proximity ex- 
plain why the points within the con- 
tour are grouped together and sep- 
arately from the points outside the 
contour. As already noted, it is often 
not realized that if the retinal image 
is an unstructured mosaic of stimula- 
tion, there is no reason why points 
within a contour should not be seen 
as belonging with points outside the 
contour. That they are not is pre- 
cisely what calls for explanation. 

3. The principles of proximity and 
similarity are insufficient to explain 
why the circle instead of the sur- 
rounding area appears as a shaped 
entity. To account for this fact, we 
must invoke another principle of or- 
ganization first described by Rubin 
(58). Physically, a contour line serves 
as a boundary for two areas; it, there- 
fore, can be described as belonging to 
both. Phenomenally, however, the 
contour belongs to only one area, giv- 
ing shape to that area which thereby 
becomes the figure. The other area 
remains shapeless and is seen as the 
ground. 
contour 
principle 
10 


This biased belonging of 
must be due to a selective 
figure-ground organiza- 
tion. 


10 In those cases where conditions are am- 
biguous, the figure-ground organization is 
labile and easily reverses itself. The phenome- 
non of reversible figures in general (i.e., in- 
cluding other types such as the Necker cube 
and the Schroeder staircase) again shows very 
clearly that the retinal stimulus does not con- 
tain all that is needed for an explanation of 
the percept. 
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In the above example, the contour 
belongs to the black area (because 
the surrounded region is favored in 
figure-ground organization), thereby 
giving rise to the percept of a black 
circle on a white ground. Most in- 
stances of two-dimensional form per- 
ception would seem to be accounted 
for by these laws of grouping (prox- 
imity and similarity) and the biased 
belonging of the contour (figure- 
ground). 

The principles of organization can 
be considered as purely descriptive 
generalizations. One can employ 
these principles without invoking 
any theory of brain function; nor 
would any particular type of brain 
model be demanded. More specifi- 
cally, the value of the grouping fac- 
tors as explanatory concepts for form 
perception does not depend on the 
physiological theory developed by 
Kéhler in connection with figural 
aftereffects (34). This theory is de- 


signed to deal with the question of 


how the cortical pattern of excitation 
is related to the phenomenal size and 
shape of the percept. By relating the 
percept to functional distance in the 
cortex (i.e., degree of interaction of 
current fields) rather than to geo- 
metrical distance, and by treating 
satiation as a changed resistance of 
the medium to interaction, Kéhler 
was able to account for the facts of 
figural aftereffects. But even if this 
theory is correct, it does not elim- 
inate the need for grouping principles, 
about which it says nothing." 


" Recently, however, Kéhler has suggested 
that the flow of direct current which he has 
found to accompany perception may also ex- 
plain why the figure appears as segregated 
and distinct from the ground. The current 
within the cortical correlate of the figure is 
considered to be highly concentrated and 
sharply segregated from that of the ground 
(33). Whether or not this particular idea is 
correct, it must be admitted that some physi- 
ological theory could also adequately explain 
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In the present paper, we have lim- 
ited the discussion of form perception 
to the problem of organization. In 
doing so we simply assume that the 
relative position of points to one an- 
other in the visual cortex corresponds 
very closely with the relative position 
of points in the perceived scene, thus 
avoiding for the present the question 
of whether some theory of functional 
distance is also necessary. Moreover, 
no attempt is made here to explain 
why the distortions of the retinal 
pattern which occur in its cortical 
projection do not lead to distortions 
in perception. 

An additional problem in form per- 
ception arises in connection with 
whole (Gestalt) qualities and with 
the fact of transposition (i.e., the 
phenomenal equivalence of form trans- 
posed in size, color, position, etc.). 
There must be some aspect of or- 
ganization which underlies the whole 
quality and which distinguishes one 
form from another. Underlying the 
perception of a circle, for example, 
there must be some characteristic 
pattern of interaction (one might 
speculate that it would be symmetri- 
cal in some way). This pattern vields 
the whole quality of circularity, 
which can also be produced by other 
patterns of the same form but of a 
different size or color, since the same 
characteristic interaction occurs in 
each case. Although this problem has 
not been solved, the fact of whole 
qualities and their transposability 
represents one of the strongest argu- 
ments for the existence of spontane- 
ous processes of organization. 

Hebb (23) has outlined an em- 
piristic theory of form perception 
directed toward answering the major 


grouping. The important consideration is that 
some unlearned law of grouping is necessary, 
whether stated in purely descriptive terms or 
in terms of brain events 
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arguments of Gestalt theory, many 
of which are recapitulated in this 
paper. Space prevents a detailed an- 
alysis of Hebb’s theory, although 
much of the evidence he cites is eval- 
uated below. Hebb is not primarily 
concerned with phenomenal facts in 
perception but rather with the prob- 
lem of explaining the response to 
stimulation. Consequently, he dis- 
cusses only some of the problems 
considered here. 

Hebb grants that a form has “‘prim- 
itive unity’’ (Hebb’s term for figure- 
ground organization) prior to learn- 
ing but (if we understand him cor- 
rectly) this unity does not suffice for 
form perception. The authors find 
this point difficult to grasp. Would 


not the primitive unity of an ex- 
tended figure (e.g., a straight line) be 
phenomenally different from that of 
a compact one (e.g., a solid-color cir- 
cle)? If so, the admission of primitive 
unity implies that form perception is 


not learned. Figure-ground organiza- 
tion means that the contour belongs 
to the figure, thereby giving it shape. 
Moreover, Hebb does not make clear 
how the emergence of “cell assem- 
blies’’ (integrated networks of excita- 
tion in the visual areas) changes the 
phenomenal experience of a form in 
any way beyond its primitive unity. 

Hebb believes that many facts of 
memory suggest that the memory 
trace must entail a structural (i.e., 
physical) change in a specific locus 
in the brain (a conclusion which he 
erroneously believes is denied by 
Gestalt theory) (23, p. 12 ff.). His 
concept of cell assembly as a particu- 
lar kind of neural change in a specific 
locus, characteristic of the stimulus, 
is intended to explain recognition, 
i.e., how the same response can be 
made to a transposed form. Presum- 
ably a multiplicity of such assemblies 
for a given stimulus-pattern are estab- 
lished in all possible positions and to 
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each the same response is associated. 
To us, however, transposition sug- 
gests that the essential correlate of 
phenomenal shape is the process to 
which the stimulus gives rise and not 
the place in the cortex where it oc- 
curs. But this does not imply that 
the memory trace is unlocalized. Ac- 
tually, those sympathetic to the or- 
ganization theory have often specu- 
lated that the trace may be localized 
and recently some evidence for trace 
localization has been reported (76). 
They merely stress the fact that, for 
recognition to occur, a later percep- 
tual process need not occur in the 
same place as the trace. 

Confusion arises when ‘“‘appear- 
ance” is made synonymous with “‘re- 
sponse." Eventually, of course, a 
theory is needed to explain how 
stimulation of different cortical cells 
can result in the same motor response. 
The authors believe, however, that 
premature preoccupation with this 
problem has led behavioristic psy- 
chologists in the wrong direction.” 
It is possible for two similar forms 
(projected to different loci in the 
visual areas) to look alike because of 
similar cortical processes prior to the 
development of motor 
Later on, motor development makes 
possible the association of a specific 
response (on the human level, the ap- 
propriate word) to these similar per- 
cepts. 


responses. 


LOGICAL DIFFICULTIES INHERENT IN 
THE EMPIRISTIC VIEW OF 
FORM PERCEPTION 


The statement that the organiza- 
tion of the visual field into shaped re- 
gions is learned must mean that at an 

% The widespread use of the term “‘percep- 
tual response” is a clear illustration of this 
identification. 

4 For a lucid discussion of the necessity to 


deal with phenomenal data in perception, see 
Allport (2, Chap. 2). 
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early period in the life history of an 
organism the visual world does not 
consist of segregated and unified ob- 
jects, but appears instead as a mosaic 
of sense impressions. In some way 
learning and experience must then 
transform the sensory data into 
shaped visual areas. One argument 
in support of this position is that our 
visual field contains segregated forms 
because of previous experience with 
those particular forms. This of course 
implies that memory traces of previ- 
ous percepts play a causal role, 1.e., 
they serve to bring about the emerg- 
ence of those forms when the same 
stimulus situation occurs later. But 
how can a memory trace left by an 
unorganized mass of sensory data 
create a shaped visual object in the 
present field? If the initial percep- 
tions of amorphous sensa- 
tions, then how can the memory of 
such perceptions organize subsequent 
Instead of trying to ex- 


consist 


processes ? 


plain how the shaped object arises 
for the first time out of the chaos of 
sensation, it would seem much sim- 
pler to admit some degree of visual 


segregation resulting from innate 
organizing processes. One might then 
say that the influence of past experi- 
ence must be secondary to spontane- 
ous organization. This logical diffi- 
culty inherent in the empiristic the- 
ory can be expressed by asking, ‘‘How 
can we learn to see, if we must see in 
order to learn?” 

Empiricists in the past maintained 
that organization does not first arise 
in vision but comes about through 
the sense of touch. By means of tac- 
tual exploration of the environment, 
the child presumably becomes aware 
of forms and in some way the tactual 
form causes segregation in the visual 
field as well. As Kohler has pointed 
out (32), however, this argument 
merely transfers the problem of or- 
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ganization from the visual modality 
to that of touch. It is still necessary 
to explain how the discrete tactile 
sensations can yield an experience of 
a single object. Moreover, it is diffi- 
cult to understand how the tactile ex- 
perience can be transformed into a 
shaped visual object and why there 
should be such excellent correspond- 
ence between the two. Nor is there 
adequate evidence that touch can 
yield the precision which we have in 
visual form perception. 

These criticisms also apply to the 
concept of purposive action as a 
creative agent of the percept. The 
transactionalists have not explained 
how the results of action (which 
must themselves be perceived) deter- 
mine the nature of subsequent per- 
ception. 

A more sophisticated argument for 
the empiristic theory of form percep- 
tion might be made by assuming that 
the principles of grouping are learned 
(cf. 48, p. 215). This would allow for 
the transfer of effects of experience 
to the perception of novel forms; the 
earlier argument cited above would 
not, and is, therefore, of limited value. 
For example, perhaps the child learns 
that adjacent and similar stimulus 
elements belong to one object. Even 
if this is granted, it is still necessary 
to account for the first emergence of 
a visual unit. How does the child 
learn that these stimuli belong to- 
gether? Does such learning occur 
because the child sees the object move 
as a whole when it is manipulated? 
If so, then ‘‘moving together” (Wert- 
heimer’s law of common fate) is im- 
plicitly accepted as an unlearned or- 
ganizing principle. At some point, 
the assumption of innate organizing 
principles must be made in order to 
explain how learning itself is possible. 

Another logical difficulty involved 
in the effort to explain how specific 
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past experience modifies subsequent 
perception relates to the problem of 
trace selection. Even if it were as- 
sumed that previous learning has re- 
sulted in an organized memory trace 
for a particular form, this trace can- 
not exert an influence when the same 
stimulus is presented again unless this 
trace and no other is aroused. One 
way in which the trace of a previous 
percept could be aroused and thus 
influence the unorganized sensory im- 
pulses would be for the latter to travel 
to the locus in the nervous system 
where the relevant trace is ‘‘stored.”’ 
Contact in this way might occur if 
the successive images of a given ob- 
ject always occurred in the same 
place on the retina, but this is rarely, 
if ever, the case. Consequently, 
as Kohler has argued in elabora- 
tion of a point made by Héffding 
many years ago, appropriate trace 
arousal must depend on some kind 
of similarity between the present 
perceptual process and the trace 
left by the previous process (31). 
This means that the present percep- 
tual process must be organized before 
it can communicate with the trace, 
because only an organized process 
(i.e., resulting in a definite shape in 
the case of form perception) can be 
similar to the trace representing the 
previously seen form. If the sensory 
stimuli are unorganized, it is difficult 
to understand how the proper trace 
can be selected from the multitude of 
traces existing in the nervous system. 
In general, then, past experience can- 
not exert any influence until the sen- 
sory themselves are or- 
ganized. 


pre cesses 


4 The same argument arises in connection 
with experiments purporting to show an influ- 
ence of motivation on form perception. If a 
motive is to affect a percept, it would have to 
do so via memory traces of need-related ob- 
jects. In one experiment (59), for example, 
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Tue DiIstTINcTION BETWEEN PER- 
CEPTION AND RELATED PsyCHo- 
LOGICAL PROCESSES 


The term perception has suffered 
an extension of meaning so broad as 
to include almost every psychological 
process. For example, an experiment 
(7) which obviously deals with recall 
—the subjects having to reproduce 
previously seen figures from memory 

is widely cited as an experiment in 
perception. Certain distinctions must 
be made, not to serve a theoretical 
bias, but in order to understand the 
particular process and its relation to 
other psychological functions. 

Perception should, first of all, be 
differentiated from recognition. Rec- 
ognition implies a feeling of familiar- 
ity—-I experience the present object 
as something I have seen before. The 
first time the object was seen, how- 
ever, the perceptual experience oc- 
curred without the element of famil- 
iarity. In terms of underlying func- 
tions, recognition implies that the 
memory trace of the object is aroused 
by the present perceptual process; 
activation of the trace is the basis 
for the experienced familiarity. By 
definition, therefore, recognition 1s 
dependent upon past experience. 

One implication of this distinction 
is that even if the same form were 
presented repeatedly, the same per- 
ceptual experience could conceivably 
occur each time without recognition. 


two profiles (one of which has been rewarded 
in training sessions and the other punished) 
are presented together to form an ambiguous 
figure-ground pattern. If the subject is to see 
the rewarded rather than the punished pro- 
file, the memory trace of the former must be 
the one which has the greater influence. But 
how can this trace be selected prior to the oc- 
currence of figure-ground organization when 
presumably no shape is as yet seen which is 
similar to the rewarded or punished face? 
(For a further discussion of this problem, see 
references 57 and 75.) 
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This point may be clarified by refer- 
ence to an imaginary experiment: S 
views a figure and describes it. Let 
us assume that the memory trace for 
this form is destroyed. Later the fig- 
ure is presented again and S is asked 
to describe it. He is likely to give the 
same description as he did on the 
first presentation, even though he-is 
not aware of having seen the figure 
before. The experience is the same 
because the stimulus gives rise to the 
same process in the brain. Recogni- 
tion represents an additional step 
the arousal of the appropriate trace."* 
As stated above, it seems necessary 
to assume that trace contact and 
arousal are mediated by the similar- 
ity of the present perceptual process 
to the trace left by a previous visual 
experience of the particular object 
(although there is no explanation 
available at the present time as to 
how such a process of trace contact 


can occur). Even if the present per- 


cept is changed or attenuated to some 
extent, trace contact can still occur 
as long as there is some formal or 
structural similarity between the per- 
cept and trace. This means that rec- 
ognition can occur even when mater- 
ial is exposed under unfavorable per 


ceptual conditions (e.g., tachisto- 
scopic presentation, peripheral vision, 
or dim illumination); moreover, it is 
reasonable to suppose that it will oc- 
cur more readily in the case of fre- 
quently experienced forms (cf. refer- 
ence no. 24 and the recent work on 
the tachistoscopic recognition of 
words [67]). Recognition of the ma- 
terial does not mean, however, that 
the percept qua form is affected. For 


* The same point applies as well to a trans- 
posed form. Gestalt psychologists often 
stressed the recognizability of a transposed 
structure, such as a melody. But even if not 
recognized upon repeated hearings, the melody 
may give rise to a similar experience each time. 
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example, a nearsighted person may 
recognize a friend from a distance but 
the recognition does not make the 
percept any clearer; his visual experi- 
ence is still fuzzy and blurred.” 
Closely related to the quality of 
familiarity is the distinctiveness or 
“identifiability’’ of certain forms 
which comes about only with re- 
peated experience. Hebb points out, 
for example, that, at first, all chim- 
panzees look alike; with continued 
observation one begins to recognize 
individual animals (a similar fact 
concerning difficulty in distinguishing 
faces of members of a different racial 
group from one’s own has been men- 
tioned by social psychologists). Fre- 
quently, differences among similar 
objects are not phenomenally regis- 
tered in initial perceptions; with 
greater experience, these differences 
become manifest. This seems to be 
true, however, only for complex 
forms. There is no evidence that re- 
current observation is necessary in 
order for a circle and a triangle, for 
example, to appear as distinct forms. 
The problem of the discriminability 
of similar complex patterns requires 
further investigation,'? but it should 
not be confused with the question of 
form perception per se. Past experi- 
ence is involved in the former case: 


A recent experiment by Engel (15) on 
binocular rivalry between an upright and an 
inverted face may be another instance where 
a recognition effect is considered to be a per- 
ceptual one. The subjects in this experiment 
are reported as having seen the upright face 
more frequently. This result may mean that 
out of the array of superimposed stimuli, they 
more readily recognized an upright rather 
than an inverted face. In our opinion, there is 
as yet no conclusive evidence that the stimu- 
lus elements of the inverted face are sup- 
pressed. 

17 Gibson and Gibson (20) have recently 
performed an interesting experiment to ex- 
plore this process, which they call “perceptual 
learning.” 
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repeated perceptions of the form may 
serve to strengthen memory traces of 
the details and of the relation of parts 
to the over-all pattern. These traces 
provide the basis for an increased 
awareness both of the internal struc- 
ture of the form and its difference 
from similar patterns. 

It is also essential to distinguish 
perception from interpretation. A 
good deal of the evidence concerning 
the effects of past experience or moti- 
vation on perception actually refers 
to the process of interpretation. 
Form perception has been defined as 
the experience of a segregated object 
of a certain shape in the visual field; 
interpretation, on the other hand, 
refers to the meaning which the visual 
form has for the subject. Unlike 
form, meaning is not an outcome of 
the present stimulus pattern; mean- 
ing consists of those qualities and 
properties acquired by an _ object 
through association and learning. On 
the functional level, meaning derives 
from the memory traces which are 
associated with the trace of the visual 
form itself (e.g., a hammer has mean- 
ing because on previous occasions we 
have seen this particular form used 
in a certain way; this use is preserved 
in traces which are associated with 
the trace of the form percept.)'* This 
distinction is difficult to make clear 
because, phenomenally, we perceive 


‘8 There has been some confusion concern- 
ing the treatment of meaning in Gestalt psy- 
chology. Apparently, some of the earlier writ- 
ings of Gestalt psychologists created the im- 
pression that meaning was thought to be 
given directly in the present percept. (The 
contact between Gestalt psychology and 
philosophical phenomenology may have con- 
tributed to this impression.) It seems to the 
present writers that meaning must be ex- 
plained in terms of associated traces or trace 
systems, and is, therefore, derived from past 
experience. Kdéhler has stated this position 
very clearly (32, p. 138 ff.). 
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meaningful objects; usually, we do 
not first experience a pure form per- 
cept and then become aware of its 
meaning. On the level of experience, 
the meaning is given in the percept, 
but functionally, two processes must 
be distinguished.*® 

In some sense modalities, the dis- 
tinction we are making does fre- 
quently appear in experience; e.g., I 
hear a sound and then try to identify 
it—the cry of a baby or meow of a 
cat. Even in vision the separation of 
processes may be experienced. For 
example, a nonsense form is seen as a 
segregated unit of a certain shape; 
nevertheless, it may have little or no 
meaning, and one may strive to in- 
terpret it. (Moreover, after gaining 
meaning, the form itself does not 
change in my experience. At first, 
J was a meaningless shape. Al- 
though I now see it as an eighth-note 
the visual form has not altered in any 
way.) The separation of processes 
may be more evident in the child’s 
experience than in the adult's. It 
seems probable that the child sees ob- 
jects before he has any concept of 
their meaning. 

The separation of the perceptual 
from the interpretive process is not 
an arbitary matter of definition; on 
the contrary, it is necessary to make 
this dist nction in order to account for 
the nature of our experience. It is im- 
portant also to keep this distinction 
in mind when evaluating experi- 
mental studies of perceptual prob- 
lems. For example, if we should want 
to describe correctly the initial per- 
ceptions of congenitally blind sub- 
jects whose vision had been restored, 


1® The same is true about the distinction be 
tween perception and recognition. Phenom- 
enally, familiarity is in the object; function- 
ally, one must assume that familiarity derives 
from trace reference after the perceptual proc- 
ess occurs. 
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we should not confuse their failure to 
identify objects with an inability to 
perceive objects as segregated units. 
Much of the data collected by von 
Senden (61) is vitiated because the 
investigators did not clearly distin- 
guish the two functions. We may be 
distorting the experience of a hungry 
subject who describes an ambiguous 
shape as a steak if we conclude that 
the hunger drive has affected his per- 
ception (cf. 39). Possibly, he sees 
the same form as does the nonhungry 
subject, but interprets it differently. 
(If asked to copy the form, both sub- 
jects might make fairly identical 
drawings.) 

The Rorschach test, insofar as it is 
concerned with the ways in which 
shapes are described (leaving aside 
the color, shading, and other aspects), 
is primarily a test of interpretation. 
Many meanings can be ascribed to 
the blot as a whole or to a particular 
part. 


EXPERIMENTAL EVIDENCE 


The major portion of the following 
section will be devoted to a critical 
analysis of some representative studies 
dealing with the question of whether 
form perception is innately deter- 
mined. To begin with, some evidence 
relating to the determinants of other 
perceptual processes will be briefly 
cited but there is no intention of mak- 
ing a comprehensive coverage of the 
literature bearing on this issue. 
Many studies are inconclusive be- 
cause no attempt was made to control 
the effects of previous experience. 

Visual direction. Schlodtmann (60) 
showed that congenitally blind sub- 
jects localized the direction of pres- 
sure phosphenes in the same way as 
do normally sighted subjects. More 
recently, Hess (26) has confirmed 
earlier findings (e.g., 4, 11) that 
chicks peck in directions innately de- 
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termined by retinal locus. Sperry’s 
experiments (68) provide further sup- 
port of the thesis that visual direction 
is unlearned.?° 

Visual constancies. The constan- 
cies—size, color, and brightness—- 
have been shown to exist in various 
animal species (cf. reference no. 40 
for a summary of the literature). 
Size constancy, for example, has been 
demonstrated in a three-month-old 
chicken (22) and in eleven-month-old 
infants (17). Although these studies 
are not crucial for the issue of innate- 
ness, they would appear to conflict 
with naive empiristic views which 
account for constancy on the basis of 
knowledge or unconscious inference. 

Depth perception. There seems to 
be little unequivocal evidence relat- 
ing to the problem of distance or 
depth perception. Lashley and Rus- 
sell (36) concluded that visual depth 
was innately determined in rats, and 
Hess succeeded in showing that chick- 


ens with no previous visual experi- 
ence (or with prior alternating mo- 


nocular vision) utilized binocular 
depth cues (26). 

Visual reflexes. Observations on 
infants reveal that some visual-motor 
coordinations, such as eyelid responses 
to intense light, pursuit movements, 
and fixation are present at birth, or 
soon after (12, 50). These data, how- 
ever, are not entirely relevant to the 
study of visual experience, since they 
may simply represent reflex responses 
to stimulation by light without being 
accompanied by the perception of 
direction, color, form, or depth. 

Form. Two major experimental ap- 
proaches have been employed to de- 
termine the effects of past experience 
on form perception. The first group 
of studies we shall discuss attempts 

© Caution is necessary in generalizing the 


results of animal experimentation, in percep- 
tion as well as other areas, to the human level. 
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to show how experimentally created 
familiarity with specific forms affects 
subsequent perception; the second 
group attacks the problem more di- 
rectly by studying the consequences 
of the deprivation of normal visual 
stimulation soon after birth on later 
perceptual development. Included 
in the latter approach are the ob- 
servations on congenitally blind hu- 
mans who gained vision in later life. 
The classic experiment in the first 
group is the investigation by Gott- 
schaldt (21). Gottschaldt wanted to 
show that a novel geometrical figure 
will be seen in accordance with the 
laws of grouping rather than past ex- 
perience. He reasoned that if form 
perception were determined exclu- 
sively by experiential factors, a com- 
plex figure 6, containing a simple form 
a which has been seen very frequently 
in the past, should be perceived as 
the familiar unit a plus other parts. 
Gottschaldt designed some simple 
outline figures which were presented 
repeatedly to subjects for memoriza- 
tion. Later, complex figures in which 
the a figures were embedded were 
shown and thesubjects were instructed 
to describe them. It was found that 
only in a negligible number of cases 
was 6 spontaneously described as the 
a figure and additional lines. Despite 
its great familiarity at the time of 
the test, @ was not seen. 
Gottschaldt’s experiment has been 
criticized on the ground that it merely 
shows that familiar units can be cam- 
ouflaged by embedding them in larger 
contexts. This criticism misses the 
point completely because it fails to 
see the necessity for explaining why 
the physically present figure is phe- 
nomenally absent. The camouflage 
is successful because of the victory of 
grouping factors over past experi- 
ence. Not just any additional lines 
will successfully camouflage the @ 
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figure but only those which, because 
of the laws of grouping, produce new 
and compelling organizations. A few 
well-placed lines will achieve this ef- 
fect, whereas a complex array of lines 
may not succeed in camouflaging the 
a figure (cf. 32, p. 193 ff.). Good con- 
tinuation is probably the strongest 
factor in Gottschaldt’s figures. Cam- 
ouflage in nature, which of course in- 
volves additional factors (e.g., coun- 
tershading, similarity of color, etc.), 
also demonstrates that familiar ob- 
jects will not be readily perceived 
when they are in certain environ- 
mental backgrounds (10, 42). 
According to Hebb, Gottschaldt’s 
conclusion “‘is valid only if the total 
figure is an unanalyzable whole, 
which it surely is not’’ (23, p. 24). 
One 6 diagram, for example, con- 
tained two parallelograms and a set 
of lines forming a Z. Hebb implies 
that the presence of these familiar 
units in the 6 figure explains why the 
a figure was not seen. It is possible, 
however, to embed the a figure in a 
6 diagram which contains familiar 


A 


Fic. 4. A. One or GorTscHaLpt’s SIMPLE 

Ficures; B. A Mopiriep Version or Gort- 

SCHALDT’Ss COMPLEX FIGURE CONTAINING 
“A.” vo Waicn Hess Rerers 


parts and still the simple form will 
stand out. It is the structure of the 
total figure which is crucial and not 
the familiarity of any of its parts. 
Moreover, even if the subject dis- 
tinguishes such familiar parts in the 
complex diagram, the question still 
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remains whether this is due to famili- 
arity or to structure.” 

According to some critics (28), 
Gottschaldt'’s thesis cannot be ac- 
cepted because it has been refuted by 
later investigators. The experiment 
by Djang (13) is often cited in this 
connection. 

Djang’s results show a strong effect 
of past experience. Simple figures 
which had previously been learned 
were found in complex forms twenty 
times more frequently than those not 
seen before. (All figures were com- 
posed of dotted lines; the subjects 
had to learn to draw the figure cor- 
rectly from immediate memory and 
to associate a nonsense name to each 
figure. The task was described as one 
of learning and memory.) 

Careful examination of the condi- 
tions of Djang’s study makes it ap- 
parent that her results do not invali- 
date or even challenge Gottschaldt’s 
conclusions. Of special significance 


are the following aspects of the ex- 


periment, 

1. The instructions encouraged the 
subject to break up the complex fig- 
ure into individual sections or units. 
“Try at once to reproduce... what 
you have seen.... Indicate by the 
additional use of the yellow pencil 
the individual units or sections into 
which you split up the figure’ (13, 
p. 34). Evidence for seeing the simple 
figure in the complex one was based 
on the units which the subjects en- 
circled. The complex figure contained 
many subunits so that, in addition to 
seeing the figure as a whole, the sub- 
ject with this set might be expected to 
see now one part and now another as 


" Hebb also points out that if one looks for 
the simple form, one can find it. Here, of 
course, he is referring to the problem of the 
influence of attention or set and we agree that 
no psychological theory has as yet provided a 
satisfactory answer to this problem. 


_ Djang’s figures. 
_ are based on the use of these figures 
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a relatively separate entity. When 
the subject recognizes a unit as one 
he has previously seen, he is likely to 
encircle it. This would facilitate the 
learning of the complex figure, since 
the subunit represents a substantial 
portion of the total figure. That such 
a set was important is shown by the 
author's remark that “‘success in find- 
ing the simple figure in the camou- 
flage seems to bear a relation to the 
amount of interest displayed’’ (p. 
47). Enthusiastic subjects were the 
most successful. Djang does show 
that her data cannot be explained 
merely as a result of a set to look for 
familiar units. But a set to break up 
the figures into parts is an important 
condition for the effect. 

2. Unlike Gottschaldt’s simple fig- 
ures which were absorbed into the 
larger structure, many of Djang’s are 
isolable subunits because their con- 
tours are not destroyed by good con- 
tinuation. Since the camouflaging 
effect of Gottschaldt’s figures is an 
essential feature of his design, one 
may question the construction of 
Her results which 


can, therefore, in no way affect the 
validity of Gottschaldt’s conclusions. 

3. Even without an analytical set, 
the subjects in this experiment might 
take note of a simple form in a com- 
plex one because they recognize it; 
this is true because of the point made 
in paragraph 2 above. In Gott- 
schaldt’s experiment, the a figure was 
not recognized because it was not 
seen. In Djang’s study, however, both 
the simple unit which had not been 
seen in prior exposures and the one 
which is recognized may have been 
perceived (if only briefly) in the com- 
plex figure with equal frequency; but 
if the subjects had not seen the simple 
unit before, there would be no special 
reason to notice it. In other words, 
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Djang has not proved that there is a 
difference in frequency of perception 
of the simple form but only that 
there is a difference in the utilization 
of this form based on recognition. 

4. The fact that some masked fig- 
ures were more easily found than 
others cannot be explained by previ- 
ous experience (which was equal for 
all simple forms) but must be under- 
stood on the basis of factors of or- 
ganization. Those masked figures 
whose contours do not continue into 
the other lines of the complex form 
should be readily seen; on the other 
hand, the use of good continuation 
should lead to fewer successes. Fig- 
ures LAJ, ZIF, and GIW have the 
least number of successes—in these 
figures the contour of the simple form 
is to some extent continued into the 
larger structure. The influence of 


past experience is greatest with fig- 
ures XEH, QOW, POO, KOJ—and 
these are the simple forms which are 
easily 


segregated from the larger 
form. It is possible to take one of 
Djang's figures and, by strengthen- 
ing organizational factors, make it 
difficult for the familiar simple figure 
to emerge (see Fig. 5). 

This shows conclusively that it is 
not the use of dot figures which dis- 
tinguishes Djang’s experiment from 
that of Gottschaldt. It is the con- 
struction of the dot figures, together 
with her procedure, which made her 
results possible. As a matter of fact, 
this experiment supports Gott- 
schaldt’s contention that strong 
structural factors overcome the ef- 
fects of familiarity. 

Braly (5) attempted to show that 
the perception of polygonal, dot fig- 
ures is influenced by the kind of fig- 
ures shown earlier. The test slides, 
however, contain several of these dot 
figures and it is impossible to see all 
of them clearly in the very brief ex- 
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Fic. 5. A. One or Djano's Simpce Fictres 

(QEW). B. Dyanc’s CompLex Ficure Con- 

TAINING QEW (KOJ). C. A Mopiriep Ver- 
SION OF KOJ Contarninc QEW 


posure time. The experiment dem- 
onstrates only that given a set to per- 
ceive a certain form and subsequently 
given inadequate perceptual condi- 
tions, Ss will tend to guess in accord- 
ance with that set. 

Henle (24) posed the question 
whether a familiar form would be 
more readily perceived than an un- 
familiar one when structure is held 
constant. A series of letters and num- 
bers and their mirror reversals (to- 
gether with obverse and reverse non- 
sense forms) was exposed peripherally 
or tachistoscopically. The results, 
based on the Ss’ reproduction of the 
forms, show that the obverse letters 
were reproduced correctly more fre- 
quently than the reverse letters. 
Does the experiment demonstrate an 
influence of familiarity on perception? 
Perhaps the obverse letters are not 
more clearly perceived than their 
mirror reversals, but are more easily 
recognized under difficult perceptual 
conditions because of their familiar- 
ity. Once recognized, a familiar let- 
ter is easy to draw. The reverse letter 
would probably be seen as a nonsense 
figure, and, consequently, the sub- 
ject is faced with the added difficulty 
of remembering its inadequately per- 
ceived shape in order to draw it a 
few moments later. Following the 
analysis given above, we would argue 
that the presence of stronger trace 
systems for obverse letters allows 
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recognition to occur more readily. 
In his investigation of figure- 
ground organization, Rubin (58) 
found that Ss who were instructed to 
see one part of an ambiguous form as 
figure (the other part then appearing 
as ground), would subsequently tend 
to see the same part as figure. If 
Rubin's results were valid, they 
would certainly provide evidence that 
memory traces can organize percep- 
tual processes. Recently, however, a 
careful repetition of Rubin's experi- 
ment by Rock and Kremen (57) 
failed to demonstrate this effect. 
Leeper (38) found that subjects 
would generally see Street figures as 
meaningless collections of fragments 
upon first presentation. After a brief 
period of observation (sometimes ac- 
companied by verbal hints from the 
experimenter), the figures were re- 
organized and perceived as meaning- 
ful objects. Several weeks later, 


when the same Street figures were ex- 
posed tachistoscopically, they were 


immediately recognized in their 
meaningful form. Leeper’s experi- 
ment does show a past experience ef- 
fect, and thus seems to contradict the 
logical argument that traces cannot 
influence perceptual processes until 
the latter are organized. This spe- 
cific problem will be discussed below. 

We turn now to a consideration of 
the more direct kind of evidence. It 
would appear that a crucial test of the 
empiristic and organization theories 
could be provided by a “‘deprivation” 
experiment in which no opportunity 
to learn form perception through vis- 
ual experience is permitted during the 
organism's early life. 

On the human level, the data con- 
sist of observations made on cases of 
congenital blindness (due to catar- 
acts) to whom vision was restored in 
later life by surgical operation. The 
literature on such cases has been an- 
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alyzed by von Senden. (61) and his 
study is often cited in support of the 
empiristic theory. According to 
Hebb, for example, these patients 
could not immediately distinguish 
forms after vision was gained; a long, 
gradual, learning process was neces- 
sary to enable the patients to per- 
ceive. There are, however, serious 
deficiencies in this evidence (cf. 
Michael Wertheimer [81], who de- 
scribes some of the flaws and, in addi- 
tion, observes that von Senden has 
often been cited erroneously). The 
conditions and the exact time after 
operation of the observations were 
not adequately described; the extent 
of vision present before operation 
varied from case to case; some of the 
cases were young children whose re- 
ports are difficult to evaluate. More- 
over, the patients, after operation, 
were faced with a strange new world 
and often the investigator (usually 
the surgeon) did not know what 
questions to ask, or what tests to per- 
form, in order to elicit the subject's 
experience. In one case, for example, 
the patient “had great difficulty in 
describing her sensations in such a 
way as to convey any clear concep- 
tion of them to another” (37, p. 148). 
Much of this evidence, therefore, is 
inconclusive. 

With respect to form perception, it 
appears that no distinction was made 
in these studies between perceptual 
and interpretive processes. In the 
eighteenth and nineteenth centuries 
(when most of the cases studied by 
von Senden occurred) the problem 
was posed by investigators in the fol- 
lowing way: Would a blind person, 
who can distinguish a sphere from a 
cube by means of touch, be able to 
identify these forms visually when 
seen for the first time? Observations 
of these newly sighted patients seemed 
to show that they could not. There is, 
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however, no reason to expect such a 
result. The patient might see the 
sphere and cube as different forms 
but would not know their appropri- 
ate names until permitted the use of 
touch. Moreover, even if told which 
was which, he would have to remem- 
ber this information, so that further 
learning would be required for cor- 
rect identification, although not for 
perceptual discrimination. 

It is clear from some of these cases 
that the visual field of the patient 
was not an undifferentiated blur but 
did consist of forms and shapes which 
could be perceived but, of course, not 
named. Frequently, the case report 
describes the patient looking at some- 
thing and asking “what is that?” 
One intelligent patient, as a matter 
of fact, was able to identify a ball as 
round and a toy brick as square upon 
first presentation (37). In a more re- 
cent case (16), the report also sug- 
gests that the patient could see ob- 
jects but was not able to identify 
them. The observations on newly 
sighted patients, therefore, in no way 
lend support to an empiristic theory 
of form perception. 

More carefully controlled observa- 
tions are, of course, possible with ani- 
mals. In recent years, there have 
been a number of investigations of the 
effects of early visual deprivation 
upon subsequent perceptual behav- 
ior. 

Siegel (63), in a carefully designed 
experiment, raised a group of ring 
doves with plastic head covers which 
permitted light stimulation but no 
pattern vision. The hoods were put 
into place soon after the birds were 
hatched and were worn for a period 
of from eight to twelve weeks. A 
control group of birds was raised in a 
normal visual environment. At the 
end of this pretraining period, win- 
dow openings were cut in the hoods 


287 


of the experimental doves. Both 
groups were now trained on a visual 
form discrimination—jumping to a 
triangle vs. a circle. Thirty trials 
were given on each training day. The 
criterion for successful discrimina- 
tion was nine out of ten consecutive 
jumps to the positive stimulus on 
any given day of the training series. 

Siegel found that the hood-reared 
birds required an average of 126.8 
trials to reach the criterion, while the 
controls required 77.7 trials; the dif- 
ference between the groups was sta- 
tistically significant. These results, 
according to Siegel, tend to verify 
theories which stress the crucial role 
of past experience in perception. Ac- 
tually, they may be interpreted as 
furnishing cogent evidence for a non- 
learning position. If form perception 
must be learned, it is very surprising 
that after eight to twelve weeks of 
homogeneous light stimulation the 
experimental birds required only 49.1 
additional trials for correct perform- 
ance (one and two-thirds additional 
training days). Moreover, Siegel's 
published report gives only group 
data; the individual performance 
records (65) show that one or two 
hood-reared birds were able to re- 
spond correctly very soon after un- 
hooding. For example, experimental 
bird no. 13 required only 58 trials 
to reach the criterion; this perform- 
ance is better than that of eleven out 
of twelve controls and practically on 
a par with the best of the controls 
(no. 26) who required 50 trials. It 
must also be pointed out that the 
group difference obtained by Siegel 
refers to the arbitrary criterion for 
success of nine out of ten correct 
trials. But eight out of ten correct 
jumps (or even seven of ten) for two 
or more blocks of ten in succession is 
certainly above chance performance. 
We do not know whether a significant 
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difference would be obtained for this 
criterion. 

It must be remembered that form 
discrimination is not a test of percep- 
tion alone; cognitive factors are also 
involved. It is possible that the ani- 
mal perceptually distinguishes the 
triangle and circle but requires train- 
ing in order to learn that response to 
one stimulus is followed by reward. 
It might take a human subject two 
or three trials before he realizes that 
he must respond to a triangle and not 
toa circle. Would anyone argue from 
this fact that on these first few trials 
the subject did not see two different 
forms? It is not surprising that an 
animal deprived of visual form ex- 
perience for the first several months 
of life would show some retardation 
in solving a discrimination problem. 
(We are not referring to any diff- 
culty in motor performance; no ob- 
jection to the experiment on such 
grounds seems justified since Siegel 


took the precaution of forcing the 
animals to jump from a platform a 
total of four hundred times before 
the hoods were removed.) 

An interesting experiment by Mil- 
ler (44) is relevant for the interpreta- 


tion of visual deprivation studies 
such as those of Siegel and Riesen. 
Miller's hypothesis was that the first 
visual experience of an animal raised 
in darkness may create “a negative 
disturbance effect which inhibits in- 
stantaneous utilization of the new 
cues even though perception may be 
immediate and accurate’ (44, p. 
224). He raised a group of rats in a 
light-proof cage and a control group 
in a normal visual environment. At 
sixty-five days of age both groups 
were trained to run an obstacle course 
im the dark. (After each trial the ex- 
perimental animals were returned to 
their dark cages.) When both groups 
had learned to perform rapidly, the 
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lights were turned on for the run. 
The controls did not seem to be af- 
fected by the light. The experi- 
mental rats, for whom this was the 
first visual experience, showed a sig- 
nificantly longer mean running time, 
and an increase of inter-rat varia- 
ability (individual running times 
ranged from six to twenty-nine sec- 
onds). The experiment shows that 
performance on a task already learned 
on the basis of other sensory cues 
may be disturbed by the new visual 
experience. Therefore it is probable 
that such a disturbance would be 
present in the learning of new tasks, 
as in Siegel's experiment. In addi- 
tion, Miller's results point up the im- 
portance of taking individual differ- 
ences into account in studies of this 
kind. 

The earlier work of Riesen (51, 52), 
in which chimpanzees were raised for 
a long period of time in total dark- 
ness, requires only brief mention for 
the purposes of this paper. The vis- 
ual defects shown by these animals 
may have been due to optic atrophy 
rather than to the lack of opportu- 
nity for learning (79). The more re- 
cent investigations (53), on the other 
hand, are very important for the 
problem of learning in perception. 

In the revised procedure, chim- 
panzees were placed in a dark room 
five days after birth. For 90 minutes 
each day, the animal's head was en- 
closed in a Plexiglas dome which per- 
mitted stimulation by diffused light. 
This procedure was continued until 
the animal was seven and one-half 
months old when gradually, over a 
period of ten days, it was given more 
and more light (increased illumina- 
tion of the room). In addition to ob- 
serving the animal's behavior in rela- 
tion to visual objects, the following 
experiment was performed. Train- 
ing of an avoidance response was be- 
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gun; twice a day, a shock plaque (a 
disk painted with vertical yellow and 
black stripes) was held in front of the 
animal and brought slowly toward 
him until an electrode made contact 
with his face and delivered a shock. 
When an avoidance response had 
been established, discrimination train- 
ing was started. The shock plaque 
was shown, followed by shock if the 
animal did not make an avoidance 
response. Four other plaques were 
always followed by the food bottle. 
These “positive” disks differed from 
the negative stimulus in either one 
of the following characteristics: size, 
color, shape, and direction of stripes. 
Complete data are reported for only 
one such animal, Chow, and for two 
other animals—Faik, reared nor- 
mally, and Lad, reared like Chow ex- 
cept that he received 90 minutes a 
day of patterned light stimulation. 
Riesen reports that Chow and 


Kora (another chimpanzee reared in 
the same way as Chow) evinced dif- 


ficulty in learning to recognize ob- 
jects such as the food bottle. In the 
experiment, Chow showed delay in 
avoiding the shock plaque as com- 
pared to the normal control. Also his 
performance for the discrimination 
series as a whole was inferior to that 
of Faik or Lad. There are, however, 
discrepancies in the data which make 
interpretation difficult. For example, 
although Chow made many more 
errors than Faik before reaching the 
criterion for the shape discrimination, 
he was superior in learning the dis- 
crimination between the horizontal 
and vertical stripes. Certainly dis- 
crimination of the direction of stripes 
shows some degree of form percep- 
tion. Chow had the greatest diff- 
culty in discriminating size and shape 
and little difficulty with color as well 
as direction of stripes. The difficulty 


may be a cognitive one—i.e., per- 
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haps it was difficult for Chow to ab- 
stract the size and shape character- 
istics from the more striking surface 
features of the plaque. The fact that 
Chow made more errors than Faik 
on the discrimination of size sup- 
ports this interpretation; empiristic 
theory does not imply that the per- 
ception of size differences in objects 
of the same shape presented at the 
same distance must be learned. An- 
other finding which is hard to under- 
stand is the fact that Lad, who had 
only 90 minutes a day of pattern 
vision for the first seven months of 
life, made fewer errors to all positive 
plaques than Faik, the normally 
reared animal. Yet Lad had many 
more failures than either Faik or 
Chow in reaction to the shock plaque. 
One animal, Mita, reared like Lad, 
but restricted in a supine position in 
a holder, apparently also had diffi- 
culty in learning to discriminate the 
bottle from other objects. This fact 
is not easy to explain. 

It is also worth mentioning that for 
a long time after being placed in a 
normal environment, chimpanzees 
who had been reared without pattern 
vision had difficulty with pursuit of 
moving objects and with binocular 
fixation; they also manifested spon- 
taneous nystagmus. Although Ries- 
en’s results cannot be fully accounted 
for by the presence of these impair- 
ments, it is plausible that such visual 
anomalies contributed to difficulty in 
clearly perceiving a unified and stable 
world of objects. 

We do not wish to minimize the 
importance and interest of these 
studies. It is essential, however, to 
recognize the problems involved in 
the interpretation of the data. It is 
clear that no definite conclusions can 
be reached on the basis of studies em- 
ploying so few subjects; the discrep- 
ancies mentioned above may simply 
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represent individual differences. Nor 
do we know what are the effects of a 
restvicted sensory environment on 
the cognitive maturation of the ani- 
mal—there is evidence that animals 
reared under such conditions mani- 
fest some impairment of intelligence 
(70). kurthermore, the results of ex- 
periments in which subjects are 
raised in an abnormal or restricted 
environment lend themselves to two 
different interpretations. If a particu- 
lar function or capacity does not ap- 
pear or is retarded, this may mean 
either that learning is necessary or 
that the experimental conditions 
have disrupted the normal matura- 
tion of a function which may be in- 
nate. For example, Nissen, Chow, 
and Semmes (47) have shown that a 
chimpanzee who had been reared 
with little opportunity for tactual ex- 
perience (his arms and legs were en- 
cased in cardboard tubes) was unable 
to solve a problem requiring tactual 
discrimination of two widely sep- 
arated stimulus points. But, the 
“neonate chimpanzee responds dif- 
ferentially according to the location 
on his body of a tactual stimulus. 
Usually the principal movement is 
near the region of stimulation’ (47, 
p. 494). Similarly, if a pain stimulus 
is applied to the cheek of a human in- 
fant, the infant's hand is brought to 
the cheek near the point stimulated 
(62). 


These facts suggest the possi- 
bility that some degree of tactual dis- 
crimination ts innate and that the re- 
stricted experimental conditions have 
disturbed or prevented normal de- 
velopment so that the chimpanzee is 


unable to solve the discrimination 
problem. In spite of these reserva- 
tions, however, we have no doubt 
that this type of experiment has 
brought us closer to a crucial test of 
the two theories of form perception 
discussed in this paper. 
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The effects of the deprivation of 
pattern vision on interocular transfer 
have been recently investigated in 
birds (64), cats (54, 55), and chim- 
panzees (9). It has been found that 
if, in rearing, both eyes have been ex- 
posed to patterned light (either si- 
multaneously or alternately), the ani- 
mal later trained monocularly on a 
visual discrimination problem trans- 
fers immediately to the untrained 
eye. If the animal is reared in dark- 
ness and then given diffuse light to 
one eye and patterned light to the 
other (or reared with both eyes stimu- 
lated by diffuse light), there is no 
immediate transfer of the discrimina- 
tion to the untrained eye, regardless 
of which eye is used in the training; 
the discriminations are re-learned, 
however, with considerable savings. 
These results, while highly significant 
and quite surprising, are not relevant 
to the perception of form. There is no 
evidence that the animals could not 
see forms when the eye which had 
been given diffuse light was exposed 
for the transfer tests.” In fact, some 
of the data permit the inference that 
the lack of immediate transfer could 
not have been due to any difficulty 
in perceiving with this eye. First of 
all, even when an animal was trained 
with the eye which previously had 
been stimulated only by diffuse light, 
there was no transfer to the other eye, 
which had received patterned light 
(9). Secondly, an animal trained on 
three problems in succession failed in 
each case to transfer to the untrained 
eye (9). This animal re-learned the 
first problem with the untrained (dif- 


® Riesen et al. (54) report that when the 
diffuse-light eye was first exposed, the cats 
bumped into objects and moved about quite 
slowly. But similar behavior occurred when 
the previously trained eye was re-exposed. 
Nissen et al. (9) do not report the initial be- 
havior of the chimpanzees in their experiment. 
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fuse-light) eye so that perception 
must have been adequate when the 
second discrimination was begun. 
Furthermore, it would be difficult to 
argue that color differences are not 
perceived with the diffuse-light eye, 
yet color and brightness discrimina- 
tion problems show the same effects 
as discriminations of form (9, 54). 
These experiments, therefore, relate 
to the problem of recognition (i.e., 
accessibility to the trace) and reveal 
a limitation of the process of trace 
contact by similarity. We would 
argue, applying the analysis given 
earlier (p. 280), that the stimulus 
seen with the untrained eye has the 
same appearance for the subject but 
it is not recognized as one which leads 
to reward. Why trace contact from 
one eye to the other does not occur so 
readily only in the case where both 
eyes have not had patterned light is, 
of course, a puzzling problem. 


Wuat Past EXPERIENCE CON- 
TRIBUTES TO PERCEPTION 


Every theory must grant that some 
aspects of perception are spontaneous 
reactions to the stimulus situation; 
no one, for example, has argued that 


when the retina is stimulated by 
light of wavelength 700 mu., learning 
is required before the color red can be 
But both logical analysis and 
empirical evidence support the con- 


seen. 


3 The fact that some perceptual phenomena 
diminish in strength or magnitude when trans- 
ferred to the previously unstimulated eye re- 
veals a similar limitation of interaction. If a 
rotating spiral is viewed with one eye, the 
negative aftereffect is greater with the same 
eye than with the other. Similarly, Gibson 
(18) found that the aftereffect of the inspec- 
tion of a curved line is stronger with the eye 
used during the inspection period than with 
the eye which had not been stimulated. The 
influence of past experience on the perception 
of a wire cube is greater with the eye previ- 
ously used (1). 
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clusion that much more than color 
experience is immediately “given” as 
a result of innate organizing factors. 
Specifically, the organization of the 
visual field into shaped areas is not 
an outcome of learning—past experi- 
ence cannot carve visual form out of 
initially formless perception. Other 
phenomena in perception considered 
to be innately determined were re- 
ferred to earlier (p. 273). 

But this does not imply that per- 
ception is not affected by past experi- 
ence. On the contrary, it is only when 
some degree of innate organization is 
granted that the effects of learning 
can be more clearly understood. 

1. The role of past experience in 
lending familiarity, ease of recogni- 
tion, and discriminability, as well as 
meaning, has already been discussed. 
Perceptual experience is greatly en- 
riched by the addition of these as- 
pects; in the light of the distinctions 
made above, however, form percep- 
tion as such is not affected. 

2. In some cases, a memory trace 
can reorganize or modify a percept. 
An experiment by Wallach, O’Con- 
nell, & Neisser (78) demonstrates 
that a memory trace can impart 
three-dimensionality to a figure which 
at first was seen as two-dimensional. 
Wallach presented to a control group 
the shadow of a wire figure which 
was described by the subjects as flat. 
In the presentation to the experi- 
mental group, the wire figure was 
rotated, giving rise to a constantly 
distorting pattern on the shadow 
screen. The figure was now seen as 
three-dimensional (kinetic depth ef- 
fect). Sometime later, when the same 
figure was presented in a stationary 
position (where it had been seen as 
two-dimensional by the control 
group), it was described by the ex- 
perimental subjects as three-dimen- 
sional. Certain controls ensured that 
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the effect was a perceptual and not a 
cognitive one.™ 

To explain these results in terms of 
underlying functions we must assume 
the following: As a result of the mov- 
ing presentation, a memory trace is 
left of a three-dimensional form. In 
the later stationary presentation, con- 
tact with this “‘three-dimensional”’ 
trace occurs on the basis of similarity 
of form and three-dimensionality is 
thereby imparted to the perceptual 
experience. 

The experiment suggests the possi- 
bility that many of the purely figural 
cues to three-dimensionality (per- 
spective, overlay, specific patterns 
such as a trapezoid giving rise to the 
percept of a rectangle at a slant, etc.) 
may be learned. Although empiricists 
have assumed such cues to be learned, 
they have never offered a plausible 
explanation as to how the learning 
takes place. In terms of the above 
hypothesis, the following explanation 
becomes possible. 


Unlearned depth perception occurs 
on the basis of certain cues such as 
retinal disparity or the kinetic depth 
effect, and leaves visual traces. These 
visual traces can impart three-dimen- 
sionality to new figures, which other- 
wise would be perceived as two-di- 


mensional (e.g., the Necker cube, 
perspective drawings, etc.). This as- 
sumption obviates reference to touch 
or purposive behavior as the source 
of the learned depth experience. The 
evocation of past experience effects 
occurs only when relevant traces are 
selected by the presence of a stimulus 
with some similarity to the previous 


™ Informal repetition of this experiment at 
the laboratory of the New School for Social 
Research has failed to confirm that the effect 
is as easily obtained as the original report sug- 
gests. But even if such a memory effect occurs 
only occasionally it remains of great im- 
portance. In the present discussion, the ex- 
periment is cited primarily to illustrate how 
past experience might modify organization. 
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three-dimensional percepts. By ac- 
counting for the initial depth percep- 
tions and for the arousal of the ap- 
propriate traces, this hypothesis over- 
comes the logical difficulties in em- 
piristic theories. 

One might explain Leeper’s experi- 
ment (38) in a similar way. On ini- 
tial presentation the Street figure 
may be experienced as a jumble of 
fragments. After a period of inspec- 
tion, the figure may suddenly look 
different—it is now recognized as a 
meaningful object. How this initial 
recognition occurs is not clear but in 
functional terms we may assume that 
the memory trace of the meaningful 
object is aroused in some way by the 
Street figure, and that this trace 
changes the phenomenal appearance 
of the figure. It will be recalled that 
when the Street figures were re-ex- 
posed several weeks later, they were 
instantly seen in their meaningful 
form. How is this effect to be ex- 
plained? Following Wallach’s rea- 
soning, we may assume that the first 
presentation behind two 
traces—one corresponding to the per- 
ception of the figure as an unorgan- 
ized collection of fragments, and as- 
sociated with it a trace of the figure 
in its meaningful form. Meaningful 
re-recognition of the figure means 
that the second trace is aroused. In 
accordance with the logical argument 
stated earlier, arousal of the first 
trace must occur and only then can 
the associated trace be activated in 
order to restructure the percept.* 

3. Past experience within the ex- 
perimental situation or experimental 


leaves 


% Perhaps a similar process (i.e., the modi- 
fication of a percept by a trace which is 
aroused by some kind of partial similarity 
with the still incompletely organized stimulus) 
could explain the selective influence of previ- 
ous experience in ambiguous situations. The 
factual basis for this type of effect, however, 
is still unclear (cf. 27, 56, 57, 58, 59, 66). 
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instructions may produce a set which 
in turn influences the perceptual out- 
come. As noted above, there is as 
yet no explanation for the action of a 
set or attitude in modifying percep- 
tion. 

4. Prior experience may change 
the neural medium so that subse- 
quent percepts are modified. This is 
not an effect of past experience in the 
usual sense because it is not specific 
to the contents of subsequent percep- 
tions; it affects more or less indis- 
criminately stimuli which impinge at 
a later time in a specific region. Ex- 
amples of this category might in- 
clude: adaptations of various kinds, 
figural aftereffects and the negative 
aftereffect of movement. Evidence 
concerning the effects of long range 
adaptation to unusual stimulus con- 
ditions has recently appeared (25). 

5. The studies of Ivo Kohler (29), 
however, suggest that adjustment to 
prism-produced distortions or to chro- 
matic lenses cannot be understood 
merely in terms of local adaptations 
since the effects are dependent upon 
eye position. Thus, for example, Ss 
wearing glasses, each lens of which 
consisted of a blue left half and yel- 
low right half, in time adapted so 
that when the eyes were turned to 
the left the scene appeared less blue, 
and when turned to the right, less yel- 
low, than at first. Furthermore, when 
the glasses were removed, Ss reported 
aftereffects which are also dependent 
With eyes to the 
left, the scene looked yellowish; with 
eves to the right, it looked bluish. 
Similar adaptations and “situational 
aftereffects’’ occur with respect to 
distortions caused by the wearing of 
prisms. It is difficult to assess the full 
significance of these recently pub- 
lished findings, but clearly an im- 
portant effect of past experience on 
perception seems to have been dem- 
onstrated. 


on eye position. 
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6. Past experience may have an 
indirect effect by determining condi- 
tions which make other 
possible, although these processes 
themselves are not the results of ex- 
periential factors. The apparent 
oscillation of an objectively rotating 
trapezoidal window (3) may be un- 
derstood in this way. If the window 
is seen as rectangular, other percep- 
tual effects must follow. The per- 
ceived rectangularity itself may be 
due to previous experience® (an as- 
sumption which could be challenged 
by those who accept the principle of 
Prignanz). Seen as a rectangle, the 
window cannot come into the frontal- 
parallel plane and must, therefore, 
be perceived to oscillate through an 
angle of less than 180°. 

Another possible example of an in- 
direct effect is furnished by the situa- 
tion where those cues to distance 
which may be learned give rise to size 
constancy, which may be innately de- 
termined. 


processes 


CONCLUSION 


One can hardly take a dogmatic 
position in an area where, as yet, 
there exists so little decisive experi- 
mentation. Nevertheless, it is im- 
portant to determine the status of a 
scientific theory in relation to present 
knowledge. On the basis of logical 
analysis and an examination of rele- 
vant evidence, we have argued for 
the thesis that various aspects of the 
phenomenal world and, in particular, 
the segregation and shape of visual 
forms are given by innate organizing 
Percepts may be modified 
and enriched by experiential factors 
but the effects of such factors presup- 


processes. 


* Explanation of the apparent rectangu- 
larity in terms of visual traces makes more 
concrete the hypothesis which the transac- 
tionalists imply by such terms as “‘assump- 
tions,” “prognostic directives for future ac- 
tion,” etc. 
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pose the 
forms. 

If the thesis defended in this paper 
is correct, perceptual organization 
must occur before experience (or per- 
sonality factors which depend on ex- 
perience, such as need, purpose, and 
value) can exert any influence. Ac- 
cording to holistic cur- 
rently so popular, psychological func- 
tions cannot be separated. But it is 
the relative independence of the per- 
ceptual organizing processes which 


prior existence of visual 


concepts, 
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makes possible an adequate phenom- 
enal representation of the external 
world. Despite changing motives and 
emotions, phenomenal color, form, 
and space remain remarkably stable 
and generally correspond to the ob- 
jective situation. Such correspond- 


ence is, of course, necessary for suc- 
cessful adaptation to the environ- 
ment and the innate neural processes 
which yield this correspondence must 
themselves represent the product of 
adaptive evolution. 
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What do we seek to control in ex- 
perimental designs? What extraneous 
variables which would otherwise con- 
found our interpretation of the 
experiment do we wish to rule out? 
The present paper attempts a specifi- 
cation of the major categories of such 
extraneous variables and employs 
these categories in evaluating the 
validity of standard designs for ex- 
perimentation in the social sciences. 

Validity will be evaluated in terms 
of two major criteria. First, and asa 
basic minimum, is what can be called 
internal validity: did in fact the ex- 
perimental stimulus make some sig- 
nificant difference in this specific in- 
stance? The second criterion is that 


of external validity, representativeness, 
or generalizability: to what popula- 


tions, settings, and variables can this 
effect be generalized? Both criteria 
are obviously important although it 
turns out that they are to some ex- 
tent incompatible, in that the con- 
trols required for internal validity 
often tend to jeopardize representa- 
tiveness. 

The extraneous variables affecting 
internal validity will be introduced in 


‘A dittoed version of this paper was pri- 
vately distributed in 1953 under the title 
“Designs for Social Science Experiments.” 
The author has had the opportunity to benefit 
from the careful reading and suggestions of 
L. S. Burwen, J. W. Cotton, C. P. Duncan, 
D. W. Fiske, C. I. Hovland, L. V. Jones, E. S. 
Marks, D. C. Pelz, and B. J. Underwood, 
among others, and wishes to express his ap- 
preciation. They have not had the opportu 
nity of seeing the paper in its present form, 
and bear no responsibility for it. The author 
also wishes to thank S. A. Stouffer (33) and 
B. J. Underwood (36) for their public en- 


couragement. 


the process of analyzing three pre- 
experimental designs. In the subse- 
quent evaluation of the applicability 
of three true experimental designs, 
factors leading to external invalidity 
will be introduced. The effects of 
these extraneous variables will be 
considered at two levels: as simple or 
main effects, they occur independ- 
ently of or in addition to the effects 
of the experimental variable; as 
interactions, the effects appear in 
conjunction with the experimental 
variable. The main effects typically 
turn out to be relevant to internal 
validity, the interaction effects to ex- 
ternal validity or representativeness. 

The following designation for ex- 
perimental designs will be used: X 
will represent the exposure of a group 
to the experimental variable or event, 
the effects of which are to be meas- 
ured; O will refer to the process of 
observation or measurement, which 
can include watching what people do, 
listening, recording, interviewing, ad- 
ministering tests, counting lever de- 
pressions, etc. The Xs and Os in a 
given row are applied to the same 
specific persons. The left to right di- 
mension indicates temporal order. 
Parallel rows represent equivalent 
samples of persons unless otherwise 
specified. The designs will be num- 
bered and named for cross-reference 
purposes. 


THREE PRE-EXPERIMENTAL DESIGNS 
AND THEIR CONFOUNDED EXTRANE- 
OUS VARIABLES 

The One-Shot Case Study. As 


Stouffer (32) has pointed out, much 
social science research still uses De- 
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sign 1, in which a single individual or 
group is studied in detail only once, 
and in which the observations are 
attributed to exposure to some prior 
situation. 


xX O 1. One-Shot Case Study 


This design does not merit the title of 
experiment, and is introduced only to 
provide a reference point. The very 
minimum of useful scientific infor- 
mation involves at least one formal 
comparison and therefore at least two 
careful observations (2). 

The One-Group Pretest-Posttest De- 
sign. This design does provide for one 
formal comparison of two observa- 
tions, and is still widely used. 


O, X Oy 2. One-Group Pretest-Posttest 


Design 


However, in it there are four or five 
categories of extraneous variables left 
uncontrolled which thus become rival 
explanations of any difference be- 
tween O, and O», confounded with 
the possible effect of X- 


The first of these is the main effect 
of history. During the time span 
between O; and O, many events have 
occurred in addition to X, and the 
results might be attributed to these. 
Thus in Collier's (8) experiment, 
while his respondents? were reading 
Nazi propaganda materials, France 
fell, and the obtained attitude 
changes seemed more likely a result of 
this event than of the propaganda. 
By history is meant the specific event 
series other than X, i.e., the extra- 
experimental uncontrolled stimuli. 
Relevant to this variable is the con- 
cept ol experimental isolation, the 
employment of experimental settings 


2 In line with the central focus on social 
psychology and the social sciences, the term 
respondent is employed in place of the terms 
subject, patient, or client 

+ Collier actually used a more adequate de- 
sign than this, an approximation to Design 4. 
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in which all extraneous stimuli are 
eliminated. The approximation of 
such control in much physical and 
biological research has permitted the 
satisfactory employment of Design 2. 
But in social psychology and the 
other social sciences, if history is con- 
founded with X the results are gen- 
erally uninterpretable. 

The second class of variables con- 
founded with X in Design 2 is here 
designated as maturation. This covers 
those effects which are systematic 
with the passage of time, and not, 
like history, a function of the specific 
events involved. Thus between 0, 
and QO, the respondents may have 
grown older, hungrier, tireder, etc., 
and these may have produced the 
difference between O, and O,, inde- 
pendently of X. While in the typical 
brief experiment in the psychology 
laboratory, maturation is unlikely to 
be a source of change, it has been a 
problem in research in child develop- 
ment and can be so in extended ex- 
periments in social psychology and 
education. In the form of “‘spontane- 
ous remission’ and the _ general 
processes of healing it becomes an 
important variable to control in 
medical research, psychotherapy, and 
social remediation 

There is a third source of variance 
that could explain the difference be- 
tween O, and O, without a recourse to 
the effect of X. This is the effect of 
testing itself. It is often true that 
persons taking a test for the second 
time make scores systematically dif- 
ferent from those taking the test for 
the first time. This is indeed the case 
for intelligence tests, where a second 
mean may be expected to run as 
much as five IQ points higher than 
the first one. This possibility makes 
important a distinction between re- 
active measures and nonreactive meas- 


ures. A reactive measure is one 
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which modifies the phenomenon un- 
der study, which changes the very 
thing that one is trying to measure. 
In general, any measurement proce- 
dure which makes the subject self- 
conscious or aware of the fact of the 
experiment can be suspected of being 
a reactive measurement. Whenever 
the measurement process is not a part 
of the normal environment it is prob- 
ably reactive. Whenever measure- 
ment exercises the process under 
study, it is almost certainly reactive. 
Measurement of a person’s height is 
relatively nonreactive. However, 
measurement of weight, introduced 
into an experimental design involving 
adult American women, would turn 
out to be reactive in that the process 
of measuring would stimulate weight 
reduction. A photograph of a crowd 
taken in secret from a second story 
window would be nonreactive, but a 
news photograph of the same scene 
might very well be reactive, in that 
the presence of the photographer 


would modify the behavior of people 


seeing themselves being  photo- 
graphed. In a factory, production 
records introduced for the purpose of 
an experiment would be reactive, but 
if such records were a regular part of 
the operating environment they 
would be nonreactive. An English 
anthropologist may be nonreactive as 
a participant-observer at an English 
wedding, but might be a highly reac- 
tive measuring instrument at a Dobu 
nuptials. Some measures are so ex- 
tremely reactive that their use in a 
pretest-posttest design is not usually 
considered. In this class would be 
tests involving surprise, deception, 
rapid adaptation, or stress. Evidence 
is amply present that tests of learn- 
ing and memory are highly reactive 
(35, 36). In the field of opinion and 
attitude research our well-developed 
interview and attitude test tech- 
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niques must be rated as reactive, as 
shown, for example, by Crespi's (9) 
evidence. 

Even within the personality and 
attitude test domain, it may be 
found that tests differ in the degree to 
which they are reactive. For some 
purposes, tests involving voluntary 
self-description may turn out to be 
more reactive (especially at the inter- 
action level to be discussed below) 
than are devices which focus the 
respondent upon describing the ex- 
ternal world, or give him less latitude 
in describing himself (e.g., 5). It 
seems likely that, apart from consid- 
erations of validity, the Rorschach 
test is less reactive than the TAT or 
MMPI. Where the reactive nature of 
the testing process results from the 
focusing of attention on the experi- 
mental variable, it may be reduced 
by imbedding the relevant content in 
a comprehensive array of topics, as 
has regularly been done in Hovland's 
attitude change studies (14). It 
seems likely that with attention to 
the problem, observational and meas- 
urement techniques can be devel- 
oped which are much less reactive 
than those now in use. 

Instrument decay provides a fourth 
uncontrolled source of variance which 
could produce an O,-O, difference 
that might be mistaken for the effect 
of X. This variable can be exem- 
plified by the fatiguing of a spring 
scales, or the condensation of water 
vapor in a cloud chamber. For psy- 
chology and the social sciences it 
becomes a particularly acute problem 
when human beings are used as a part 
of the measuring apparatus, as 
judges, observers, raters, coders, etc. 
Thus O, and O, may differ because 
the raters have become more experi- 
enced, more fatigued, have acquired 
a different adaptation level, or have 
learned about the purpose of the ex- 





300 


periment, etc. However infelicitously, 
this term will be used to typify those 
problems introduced when shifts in 
measurement conditions are con- 
founded with the effect of X, includ- 
ing such crudities as having a differ- 
ent observer at O, and O,, or using a 
different interviewer or coder. Where 
the use of different interviewers, 
observers, or experimenters is un- 
avoidable, but where they are used 
in large numbers, a sampling equiva- 
lence of interviewers is required, with 
the relevant N being the N of inter- 
viewers, not interviewees, except as 
refined through cluster sampling con- 
siderations (18). 

A possible fifth extraneous factor 
deserves mention. This is statistical 
regression. When, in Design 2, the 
group under investigation has been 
selected for its extremity on O,, 
O,-O, shifts toward the mean will 
occur which are due to random im- 
perfections of the measuring instru- 
ment or random instability within 
the population, as reflected in the 
test-retest reliability. In general, re- 
gression operates like maturation in 
that the effects increase systemati- 
cally with the O,-O, time interval. 
McNemar (22) has demonstrated the 
profound mistakes in interpretation 
which failure to control this factor 
can introduce in remedial research. 

The Static Group Comparison. The 
third pre-experimental design is the 
Static Group Comparison. 


xX O, 
-~---- 3, The Static Group Comparison 
O; 


In this design, there is a comparison 
of a group which has experienced X 
with a group which has not, for the 
purpose of establishing the effect of 
X. In contrast with Design 6, there 
is in this design no means of certify- 
ing that the groups were equivalent 
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at some prior time. (The absence of 
sampling equivalence of groups is 
symbolized by the row of dashes.) 
This design has its most typical oc- 
currence in the social sciences, and 
both its prevalence and its weakness 
have been well indicated by Stouffer 
(32). It will be recognized as one 
form of the correlational study. It is 
introduced here to complete the list of 
confounding factors. If the Os differ, 
this difference could have come about 
through biased selection or recruit- 
ment of the persons making up the 
groups; i.e., they might have differed 
anyway without the effect of X. 
Frequently, exposure to X (e.g., some 
mass communication) has been vol- 
untary and the two groups have an 
inevitable systematic difference on 
the factors determining the choice 
involved, a difference which no 
amount of matching can remove. 

A second variable confounded with 
the effect of X in this design can be 
called experimental mortality. Even 
if the groups were equivalent at some 
prior time, O, and O, may differ now 
not because individual members have 
changed, but because a biased subset 
of members have dropped out. This 
is a typical problem in making infer- 
ences from comparisons of the atti- 
tudes of college freshmen and college 
seniors, for example. 


TRUE EXPERIMENTAL DESIGNS 


The Pretest-Posttest Control Group 
Design. One or another of the above 
considerations led psychologists be- 
tween 1900 and 1925 (2, 30) to ex- 
pand Design 2 by the addition of a 
control group, resulting in Design 4. 


O, X O, 4. Pretest-Posttest Control Group 
Or On Design 


Because this design so neatly con- 
trols for the main effects of history, 
maturation, testing, instrument de- 
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cay, regression, selection, and mor- 
tality, these separate sources of vari- 
ance are not usually made explicit. 
It seems well to state briefly the rela- 
tionship of the design to each of these 
confounding factors, with particular 
attention to the application of the 
design in social settings. 

If the differences between O, and 
O, were due to intervening historical 
events, then they should also show 
up in the O;-O, comparison. Note, 
however, several complications in 
achieving this control. If respondents 
are run in groups, and if there is only 
one experimental session and one 
control session, then there is no con- 
trol over the unique internal histories 
of the groups. The O,—O, difference, 
even if not appearing in O,;-O,, may 
be due to a chance distracting factor 
appearing in one or the other group. 
Such a design, while controlling for 
the shared history or event series, 
still confounds X with the unique 
session history. Second, the design 


implies a simultaneity of O, with O,; 
and O, with O, which is usually im- 
possible. If one were to try to achieve 
simultaneity by using two experimen- 
ters, one working with the experi- 
mental respondents, the other with 


the controls, this would confound 
experimenter differences with X (in- 
troducing one type of instrument 
decay). These considerations make it 
usually imperative that, for a true 
experiment, the experimental and 
control groups be tested and exposed 
individually or in small subgroups, 
and that sessions of both types be 
temporally and spatially intermixed. 

As to the other factors: if matura- 
tion or testing contributed an O,-O, 
difference, this should appear equally 
in the O;-O, comparison, and these 
variables are thus controlled for their 
main effects. To make sure the de- 
sign controls for instrument decay, 
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the same individual or small-ses- 
sion approximation to simultaneity 
needed for history is required. The 
occasional practice of running the 
experimental group and control group 
at different times is thus ruled out on 
this ground as well as that of history. 
Otherwise the observers may have 
become more experienced, more hur- 
ried, more careless, the maze more 
redolent with irrelevant cues, the 
lever-tension and friction diminished, 
etc. Only when groups are effectively 
simultaneous do these factors affect 
experimental and control groups 
alike. Where more than one experi- 
menter or observer is used, counter- 
balancing experimenter, time, and 
group is recommended. The balanced 
Latin square is frequently useful for 
this purpose (4). 

While regression is controlled in 
the design as a whole, frequently 
secondary analyses of effects are 
made for extreme pretest scorers in 
the experimental group. To provide 
a control for effects of regression, a 
parallel analysis of extremes should 
also be made for the control group. 

Selection is of course handled by 
the sampling equivalence ensured 
through the randomization employed 
in assigning persons to groups, per- 
haps supplemented by, but not sup- 
planted by, matching procedures. 
Where the experimental and control 
groups do not have this sort of equiv- 
alence, one has a compromise design 
rather than a true experiment. Fur- 
thermore, the O,-O, comparison pro- 
vides a check on possible sampling 
differences. 

The design also makes possible the 
examination of experimental mor- 
tality, which becomes a real problem 
for experiments extended over weeks 
or months. If the experimental and 
control groups do not differ in the 
number of lost cases nor in their 





302 


pretest scores, the experiment can be 
judged internally valid on this point, 
although mortality reduces the gen- 
eralizability of effects to the original 
population from which the groups 
were selected. 

For these reasons, the Pretest- 
Posttest Control Group Design has 
been the ideal in the social sciences 
for some thirty years. Recently, 
however, a serious and avoidable 
imperfection in it has been noted, 
perhaps first by Schanck and Good- 
man (29). Solomon (30) has expressed 
the point as an interaction effect of 
testing. In the terminology of anal- 
ysis of variance, the effects of his- 
tory, maturation, and testing, as 
described so far, are all main effects, 
manifesting themselves in mean dif- 
ferences independently of the pres- 
ence of other variables. They are 
that could be added on to 
other effects, including the effect of 
the experimental variable. In con- 


effects 


trast, interaction effects represent a 


joint effect, specific to the concomi- 
tance of two or more conditions, and 
may occur even when no main effects 
are present. Applied to the testing 
variable, the interaction effect might 
involve not a shift due solely or 
directly to the measurement process, 
but rather a sensitization of respon- 
dents to the experimental variable so 
that when X was preceded by O there 
would be a change, whereas both 
X and O would be without effect if 
occurring alone. In terms of the 
two types of validity, Design 4 is 
internally valid, offering an adequate 
for generalization to other 
sampling-equivalent pretested groups. 
But it has a serious and systematic 
weakness in 


basis 


representativeness in 
that it offers, strictly speaking, no 
basis for generalization to the un- 
pretested population. And it is us- 
ually the unpretested larger universe 
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from which these samples were taken 
to which one wants to generalize. 

A concrete example will help make 
this clearer. In the NORC study of 
a United Nations information cam- 
paign (31), two equivalent samples, 
of a thousand each, were drawn from 
the city’s population. One of these 
samples was interviewed, following 
which the city of Cincinnati was 
subjected to an intensive publicity 
campaign using all the mass media 
of communication. This included 
special features in the newspapers 
and on the radio, bus cards, public 
lectures, etc. At the end of two 
months, the second sample of 1,000 
was interviewed and the results com- 
pared with the first 1,000. There 
were no differences between the two 
groups except that the second group 
was somewhat more pessimistic about 
the likelihood of Russia’s cooperating 
for world peace, a result which was 
attributed to history rather than to 
the publicity campaign. The second 
sample was no better informed about 
the United Nations nor had it no- 
ticed in particular the publicity 
campaign which had been going on. 
In connection with a program of re- 
search on panels and the reinterview 
problem, Paul Lazarsfeld and the 
Bureau of Applied Social Research 
arranged to have the initial sample 
reinterviewed at the same time as 
the second sample was interviewed, 
after the publicity campaign. This 
reinterviewed group showed signifi- 
cant attitude changes, a high degree 
of awareness of the campaign and 
important increases in information. 
The inference in this case is unmis- 
takably that the initial interview 
had sensitized the persons interviewed 
to the topic of the United Nations, 
had raised in them a focus of aware- 
ness which made the subsequent 
publicity campaign effective for them 
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but for them only. This study and 
other studies clearly document the 
possibility of interaction effects which 
seriously limit our capacity to gen- 
eralize from the pretested experi- 
mental group to the unpretested 
general population. Hovland (15) 
reports a general finding which is of 
the opposite nature but is, nonethe- 
less, an indication of an interactive 
effect. In his Army studies the initial 
pretest served to reduce the effects of 
the experimental variable, presum- 
ably by creating a commitment to a 
given position. Crespi’s (9) findings 
support this expectation. Solomon 
(30) reports two studies with school 
children in which a spelling pretest 
reduced the effects of a training 
period. But whatever the direction 


of the effect, this flaw in the Pretest- 
Posttest Control Group Design is 
serious for the purposes of the social 
scientist. 

The Solomon Four-Group Design. \t 


is Solomon's (30) suggestion to con- 
trol this problem by adding to the 
traditional two-group experiment two 
unpretested groups as indicated in 
Design 5. 


O, X O, 
Or O7~ 
X Os 

Os 


5. Solomon Four-Group Design 


This Solomon Four-Group Design 
enables one both to control and meas- 
ure both the main and interaction 
effects of testing and the main effects 
of a composite of maturation and 
history. It has become the new ideal 
design for social scientists. A word 
needs to be said about the appro- 
priate statistical analysis. In Design 
4, an efficient single test embodying 
the four measurements is achieved 
through computing for each individ- 
ual a_ pretest-posttest difference 
score which is then used for compar- 
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ing by ¢ test the experimental and 
control groups. Extension of this 
mode of analysis to the Solomon 
Four-Group Design introduces an 
inelegant awkwardness to the other- 
wise elegant procedure. It involves 
assuming as a pretest score for the 
unpretested groups the mean value of 
the pretest from the first two groups. 
This restricts the effective degrees of 
freedom, violates assumptions of in- 
dependence, and leaves one without 
a legitimate base for testing the 
significance of main effects and inter- 
action. An alternative analysis is 
available which avoids the assumed 
pretest scores. Note that the four 
posttests form a simple two-by-two 
analysis of variance design: 


No X Zz 
Pretested On Oy 


Unpretested Or~6 Os 


The column means represent the 
main effect of X, the row means the 
main effect of pretesting, and the in- 
teraction term the interaction of pre- 
testing and X. (By use of a / test the 
combined main effects of maturation 
and history can be tested through 
comparing O., with O,; and Oy.) 

The Posttest-Only Control Group 
Design. While the statistical proce- 
dures of analysis of variance intro- 
duced by Fisher (10) are dominant in 
psychology and the other social 
sciences today, it is little noted in our 
discussions of experimental arrange- 
ments that Fisher’s typical agricul- 
tural experiment involves no pretest: 
equivalent plots of ground receive 
different experimental treatments 
and the subsequent yields are meas- 
ured.* Applied to a social experiment 


‘ This is not to imply that the pretest is 
totally absent from Fisher's designs. He sug- 
gests the use of previous year's yields, etc., in 
covariance analysis. He notes, however, “with 
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as in testing the influence of a motion 
picture upon attitudes, two randomly 
assigned audiences would be selected, 
one exposed to the movie, and the 
attitudes of each measured subse- 
quently for the first time. 


AXO, 6. 
A 0; 


Posttest-Only Control Group 
Design 


In this design the symbol A had been 
added, to indicate that at a specific 
time prior to X the groups were made 
equivalent by a random sampling 
assignment. A is the point of selec- 
tion, the point of allocation of in- 
dividuals to groups. It is the exist- 
ence of this process that distinguishes 
Design 6 from Design 3, the Static 
Group Comparison. Design 6 is not 
cross-sectional comparison, 
but instead truly involves control and 
observation extended in time. The 
sampling procedures employed assure 
us that at time A the groups were 
equal, even if not measured. A pro- 
vides a point of prior equality just as 
A point A is, of 
course, involved in all true experi- 
ments, and should perhaps be in- 
dicated in Designs 4 and 5. It is es- 
sential that A be regarded as a 
point in time, for groups 
change as a function of time since A, 
through experimental mortality. 
Thus in a public opinion survey situ- 
ation employing probability sampling 
from lists of residents, the longer the 
time since A, the more the sample 
underrepresents the transient seg- 
ments of society, the newer dwelling 
units, When experimental 
groups are being drawn from a self- 
selected extreme population, such as 


a stati 


does the pretest. 


specific 


etc. 


annual agricultural crops, knowledge of yields 
of the experimental area in a previous year 
under uniform treatment has not been found 
sufficiently to increase the precision to war- 
rant the adoption of such uniformity trials as 
a preliminary to projected experiments” (10, 
p. 176). 
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applicants for psychotherapy, time 
since A introduces maturation (spon- 
taneous remission) and regression 
factors. In Design 6 these effects 
would be confounded with the effect 
of X if the As as well as the Os were 
not contemporaneous for experimen- 
tal and control groups. 

Like Design 4, this design controls 
for the effects of maturation and his- 
tory through the practical simul- 
taneity of both the As and the Os. In 
superiority over Design 4, no main or 
interaction effects of pretesting are 
involved. It is this feature that rec- 
ommends it in particular. While it 
controls for the main and interaction 
effects of pretesting as well as does 
Design 5, the Solomon Four-Group 
Design, it does not measure these 
effects, nor the main effect of history- 
maturation. It can be noted that 
Design 6 can be considered as the two 
unpretested “control” groups from 
the Solomon Design, and that Solo- 
mon'’s two traditional pretested 
groups have in this sense the sole pur- 
pose of measuring the effects of pre- 
testing and history-maturation, a 
purpose irrelevant to the main aim of 
studying the effect of X (25). How- 
ever, under normal conditions of not 
quite perfect sampling control, the 
four-group design provides in addi- 
tion greater assurance against mis- 
takenly attributing to X effects which 
are not due it, inasmuch as the effect 
of X is documented in three different 
fashions (O; vs. Os, O2 vs. Oy, and Os 
vs. Os). But, short of the four-group 
design, Design 6 is often to be pre- 
ferred to Design 4, and isa fully valid 
experimental design. 

Design 6 has indeed been used in 
the social sciences, perhaps first of all 
in the classic experiment by Gosnell, 
Getting Out the Vote (11). Schanck and 
Goodman (29), Hovland (15) and 
others (1, 12, 23, 24, 27) have also 
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employed it. But, in spite of its 
manifest advantages of simplicity 
and control, it is far from being a 
popular design in social research and 
indeed is usually relegated to an in- 
ferior position in discussions of exper- 
imental designs if mentioned at all 
(e.g., 15, 16, 32). Why is this the 
case? 

In the first place, it is often con- 
fused with Design 3. Even where Ss 
have been carefully assigned to ex- 
perimental and control groups, one is 
apt to have an uneasiness about the 
design because one “doesn't know 
what the subjects were like before.” 
This objection must be rejected, as 
our standard tests of significance are 
designed precisely to evaluate the 
likelihood of differences occurring by 
chance in such sample selection. It is 
true, however, that this design is 
particularly vulnerable to selection 
bias and where random assignment is 
not possible it remains suspect. 
Where naturally aggregated units, 
such as classes, are employed intact, 
these should be used in large numbers 
and assigned at random to the experi- 
mental and control conditions; clus- 
ter sampling statistics (18) should be 
used to determine the error term. If 
but one or two intact classrooms are 
available for each experimental 
treatment, Design 4 should certainly 
be used in preference. 

A second objection to Design 6, in 
comparison with Design 4, is that it 
often has less precision. The differ- 
ence scores of Design 4 are less vari- 
able than the posttest scores of 
Design 6 if there is a pretest-posttest 
correlation above .50 (15, p. 323), 
and hence for test-retest correlations 
above that level a smaller mean dif- 
ference would be statistically signifi- 
cant for Design 4 than for Design 6, 
for a constant number of cases. This 
advantage to Design 4 may often be 
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more than dissipated by the costs and 
loss in experimental efficiency result- 
ing from the requirement of two test- 
ing sessions, over and above the 
considerations of representativeness. 

Design 4 has a particular advan- 
tage over Design 6 if experimental 
mortality is high. In Design 4, one 
can examine the pretest scores of lost 
cases in both experimental and con- 
trol groups and check on their com- 
parability. In the absence of this in 
Design 6, the possibility is opened for 
a mean difference resulting from dif- 
ferential mortality rather than from 
individual change, if there is a sub- 
stantial loss of cases. 

A final objection comes from those 
who wish to study the relationship of 
pretest attitudes to kind and amount 
of change. This is a valid objection, 
and where this is the interest, Design 
4 or 5 should be used, with parallel 
analysis of experimental and control 
groups. Another common type of 
individual difference study involves 
classifying persons in terms of 
amount of change and finding asso- 
ciated characteristics such as sex, age, 
education, etc. While unavailable in 
this form in Design 6, essentially the 
same correlational information can be 
obtained by subdividing both experi- 
mental and control groups in terms 
of the associated characteristics, and 
examining the experimental-control 
difference for such subtypes. 

For Design 6, the Posttest-Only 
Control Group Design, there is a 
class of social settings in which it is 
optimally feasible, settings which 
should be more used than they now 
are. Whenever the social contact 
represented by X is made to single 
individuals or to small groups, and 
where the response to that stimulus 
can be identified in terms of indivi- 
duals or type of X, Design 6 can be 
applied. Direct mail and door-to- 
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door contacts represent such settings. 
The alternation of several appeals 
from door-to-door in a fund-raising 
campaign can be organized as a true 
experiment without increasing the 
cost of the solicitation. Experimental 
variation of persuasive materials in a 
direct-mail sales campaign can pro- 
vide a better experimental laboratory 
for the study of mass communication 
and persuasion than is available in 
any university. The well-established, 
if little-used, split-run technique in 
comparing alternative magazine ads 
is a true experiment of this type, 
usually limited to coupon returns 
rather than sales because of the prob- 
lem of identifying response with stim- 
ulus type (20). The split-ballot tech- 
nique (7) long used in public opinion 
polls to compare different question 
wordings or question sequences pro- 
vides an excellent example which can 
obviously be extended to other topics 
(e.g., 12). By and large these labora- 
tories have not yet been used to study 
social science theories, but they are 
directly relevant to hypotheses about 
social persuasion. 

Multiple X designs. In presenting 
the above designs, X has been op- 
posed to No-X, as is traditional in 
discussions of experimental design in 
psychology. But while this may be a 
legitimate description of the stimulus- 
isolated physical science laboratory, 
it can only be a convenient shorthand 
in the social sciences, for any No-X 
period will not be empty of po- 
tentially change-inducing — stimuli. 
The experience of the control group 
might better be categorized as an- 
other type of X, a control experience, 
an Xe instead of No-X. It is also 
typical of advance in science that we 
are soon no longer interested in the 
qualitative fact of effect or no-effect, 
but want to specify degree of effect 
for varying degrees of X. These con- 
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siderations lead into designs in which 
multiple groups are used, each with a 
different X;, X2, Xs, Xq, or in multi- 
ple factorial design, as Xie, Xu, Xe, 
X», etc. Applied to Designs 4 and 6, 
this introduces one additional group 
for each additional X. Applied to 5, 
The Solomon Four-Group Design, 
two additional groups (one pretested, 
one not, both receiving X,) would be 
added for each variant on X. 

In many experiments, X,, Xo, Xs3, 
and X, are all given to the same 
group, differing groups receiving the 
Xs in different orders. Where the 
problem under study centers around 
the effects of order or combination, 
such counterbalanced multiple X ar- 
rangements are, of course, essential. 
Studies of transfer in learning are a 
case in point (34). But where one 
wishes to generalize to the effect of 
each X as occurring in isolation, such 
designs are not recommended be- 
cause of the sizable interactions 
among Xs, as repeatedly demon- 
strated in learning studies under such 
labels as proactive inhibition and 
learning sets. The use of counter- 
balanced sets of multiple Xs_ to 
achieve experimental equation, where 
natural groups not randomly assem- 
bled have to be used, will be dis- 
cussed in a subsequent paper on 
compromise designs. 

Testing for effects extended in time. 
The researches of Hovland and his 
associates (14, 15) have indicated 
repeatedly that the longer range ef- 
fects of persuasive Xs may be quali- 
tatively as well as quantitatively 
different from immediate effects. 
These results emphasize the im- 
portance of designing experiments to 
measure the effect of X at extended 
periods of time. As the misleading 
early research on reminiscence and on 
the consolidation of the memory 
trace indicate (36), repeated measure- 
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ment of the same persons cannot be 
trusted to dothis if a reactive meas- 
urement process is involved. Thus, 
for Designs 4 and 6, two separate 
groups must be added for each post- 
test period. The additional control 
group cannot be omitted, or the ef- 
fects of intervening history, matura- 
tion, instrument decay, regression, 
and mortality are confounded with 
the delayed effects of X. To follow 
fully the logic of Design 5, four addi- 
tional groups are required for each 
posttest period. 

True experiments in which O is not 
not under E's control. It seems well to 
call the attention of the social scien- 
tist to one class of true experiments 
which are possible without the full 
experimental control over both the 
“when” and “to whom” of both X 
and O. As far as this analysis has 
been able to go, no such true experi- 
ments are possible without the ability 
to control X, to withhold it from 
carefully randomly selected respon- 
dents while presenting it to others. 
But control over O does not seem so 
indispensable. Consider the follow- 
ing design. 

AX O, 
A O, 6. Posttest Only Design, where O 
(O) cannot be withheld from any 


(O) respondent 
(O) 


The parenthetical Os are inserted to 
indicate that the studied groups, ex- 
perimental and control, have been 
selected from a larger universe all of 
which will get O anyway. An election 
provides such an O, and using 
“whether voted” rather than “how 
voted,”” this was Gosnell’s design 
(11). Equated groups were selected 
at time A, and the experimental 
group subjected to persuasive ma- 
terials designed to get out the vote. 
Using precincts rather than persons 
as the basic sampling unit, similar 
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studies can be made on the content 
of the voting (6). Essential to this 
design is the ability to create specified 
randomly equated groups, the ability 
to expose one of these groups to X 
while withholding it (or providing 
X,) from the other group, and the 
ability to identify the performance of 
each individual or unit in the subse- 
quent O. Since such measures are 
natural parts of the environment to 
which one wishes to generalize, they 
are not reactive, and Design 4, the 
Pretest-Posttest Control Group De- 
sign, is feasible if O has a predictable 
periodicity to it. With the precinct 
as a unit, this was the design of Hart- 
mann’s classic study of emotional vs. 
rational appeals in a public election 
(13). Note that 5, the Solomon Four- 
Group Design, is not available, as it 
requires the ability to withhold O 
experimentally, as well as X. 


FURTHER PROBLEMS OF REPRESEN- 
TATIVENESS 

The interaction effect of testing, af- 
fecting the external validity or repre- 
sentativeness of the experiment, was 
treated extensively in the previous 
section, inasmuch as it was involved 
in the comparison of alternative de- 
signs. The present section deals with 
the effects upon representativeness 
of other variables which, while 
equally serious, can apply to any of 
the experimental designs. 

The interaction effects of selection. 
Even though the true experiments 
control selection and mortality for 
internal validity purposes, these fac- 
tors have, in addition, an important 


bearing on representativeness. There 
is always the possibility that the ob- 
tained effects are specific to the ex- 
perimental population and do not 
hold true for the populations to which 
one wants to generalize. Defining the 
universe of reference in advance and 
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selecting the experimental and con- 
trol groups from this*at random 
would guarantee representativeness if 
it were ever achieved in practice. 
But inevitably not all those so des- 
ignated are actually eligible for selec- 
tion by any contact procedure. Our 
best survey sampling techniques, for 
example, can designate for potential 
contact only those available through 
residences. And, even of those so 
designated, up to 19 per cent are not 
contactable for an interview in their 
own homes even with five callbacks 
(37). It seems legitimate to assume 
that the more effort and time required 
of the respondent, the larger the loss 
through nonavailability and nonco- 
operation. If one were to try to as- 
semble experimental groups away 
from their own homes it seems rea- 
sonable to estimate a 50 per cent se- 
lection loss. If, still trying to extra- 
polate to the general public, one fur- 
ther limits oneself to docile preassem- 
bled groups, as in schools, military 


units, studio audiences, etc., the pro- 
portion of the universe systematically 
excluded through the sampling proc- 
ess must approach 90 per cent or 


more. Many of the selection factors 
involved are indubitably highly sys- 
tematic. Under these extreme selec- 
tion losses, it seems reasonable to 
suspect that the experimental groups 
might show reactions not characteris- 
tic of the general population. This 
point seems worth stressing lest we 
unwarrantedly assume that the selec- 
tion loss for experiments is compar- 
able to that found for survey inter- 
views in the home at the respondent's 
convenience. Furthermore, it seems 
plausible that the greater the cooper- 
ation required, the more the respon- 
dent has to deviate from the normal 
course of daily events, the greater 
will be the possibility of nonrepre- 
sentative reactions. By and large, 
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Design 6 might be expected to require 
less cooperation than Design 4 or 5, 
especially in the natural individual 
contact setting. The interactive ef- 
fects of experimental mortality are of 
similar nature. Note that, on these 
grounds, the longer the experiment is 
extended in time the more respond- 
ents are lost and the less representa- 
tive are the groups of the original 
universe. 

Reactive arrangements. In any of 
the experimental designs, the re- 
spondents can become aware that 
they are participating in an experi- 
ment, and this awareness can have an 
interactive effect, in creating reac- 
tions to X which would not occur had 
X been encountered without this 
“I’m a guinea pig” attitude. Lazars- 
feld (19), Kerr (17), and Rosenthal 
and Frank (28), all have provided 
valuable discussions of this problem. 
Such effects limit generalizations to 
respondents having this awareness, 
and preclude generalization to the 
population encountering X with non- 
experimental attitudes. The direc- 
tion of the effect may be one of 
negativism, such as an unwillingness 
to admit to any persuasion or change. 
This would be comparable to the 
absence of any immediate effect from 
discredited communicators, as found 
by Hovland (14). The result is prob- 
ably more often a cooperative re- 
sponsiveness, in which the respondent 
accepts the experimenter’s expecta- 
tions and provides psueudoconfirma- 
tion. Particularly is this positive 
response likely when the respondents 
are self-selected seekers after the cure 
that X may offer. The Hawthorne 
studies (21), illustrate such sym- 
pathetic changes due to awareness of 
experimentation rather than to the 
specific nature of X. In some settings 
it is possible to disguise the experi- 
mental purpose by providing plausi- 
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ble facades in which X appears as an 
incidental part of the background 
(e.g., 26, 27, 29). We can also make 
more extensive use of experiments 
taking place in the intact social 
situation, in which the respondent is 
not aware of the experimentation at 
all. 

The discussion of the effects of 
selection on representativeness has 
argued against employing intact nat- 
ural preassembled groups, but the 
issue of conspicuousness of arrange- 
ments argues for such use. The 
machinery of breaking up natural 
groups such as departments, squads, 
and classrooms into randomly as- 
signed experimental and _ control 
groups is a source of reaction which 
can often be avoided by the use of 
preassembled groups, particularly in 
educational settings. Of course, as 
has been indicated, this requires the 
use of large numbers of such groups 
under both experimental and control 
conditions. 

The problem of reactive arrange- 
ments is distributed over all features 
of the experiment which can draw the 
attention of the respondent to the 
fact of experimentation and its pur- 
poses. The conspicuous or reactive 
pretest is particularly vulnerable, in- 
asmuch as it signals the topics and 
purposes of the experimenter. For 
communications of obviously per- 
suasive aim, the experimenter’s topi- 
cal intent is signaled by the X itself, 
if the communication does not seem 
a part of the natural environment. 
Even for the posttest-only groups, 
the occurrence of the posttest may 
create a reactive effect. The respon- 
dent may say to himself, “Aha, now 
I see why we got that movie.” This 
consideration justifies the practice of 
disguising. the connection between O 
and X even for Design 6, as through 
‘having different experimental per- 
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sonnel involved, using different fa- 
c¢ades, separating the settings and 
times, and embedding the X-relevant 
content of O among a disguising 
variety of other topics.® 

Generalizing to other Xs. After the 
internal validity of an experiment has 
been established, after a dependable 
effect of X upon O has been found, 
the next step is to establish the limits 
and relevant dimensions of general- 
ization not only in terms of popula- 
tions and settings but also in terms 
of categories and aspects of X. The 
actual X in any one experiment is a 
specific combination of stimuli, all 
confounded for interpretative pur- 
poses, and only some relevant to the 
experimenter’s intent and _ theory. 
Subsequent experimentation should 
be designed to purify X, to discover 
that aspect of the original conglom- 
erate X which is responsible for the 
effect. As Brunswik (3) has empha- 


sized, the representative sampling of 
Xs is as relevant a problem in linking 
experiment to theory as is the sam- 


pling of respondents. To define a 
category of Xs along some dimension, 
and then to sample Xs for experi- 
mental purposes from the full range 
of stimuli meeting the specification 
while other aspects of each specific 
stimulus complex are varied, serves 
to untie or unconfound the defined 
dimension from specific others, lend- 
ing assurance of theoretical relevance. 

In a sense, the placebo problem can 
be understood in these terms. The 


* For purposes of completeness, the inter- 
action of X with history and maturation 
should be mentioned. Both affect the gen- 
eralizability of results. The interaction effect 
of history represents the possible specificity of 
results to a given historical moment, a possi- 
bility which increases as problems are more 
societal, less biological. The interaction of 
maturation and X would be represented in the 
specificity of effects to certain maturational 
levels, fatigue states, etc. 
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experiment without the placebo has 
clearly demonstrated that some as- 
pect of the total X stimulus complex 
has had an effect; the placebo experi- 
ment serves to break up the complex 
X into the suggestive connotation of 
pill-taking and the specific pharma- 
cological properties of the drug— 
separating two aspects of the X pre- 
viously confounded. Subsequent 
studies may discover with similar 
logic which chemical fragment of the 
complex natural herb is most essen- 
tial. Still more clearly, the sham 
operation illustrates the process of X 
purification, ruling out general effects 
of surgical shock so that the specific 
effects of loss of glandular or neural 
tissue may be isolated. As these 
parallels suggest, once recurrent un- 
wanted aspects of complex Xs have 
been discovered for a given field, con- 
trol groups especially designed to 
eliminate these effects can be regu- 
larly employed. 


Generalizing to other Os. In parallel 
form, the scientist in practice uses a 


complex measurement procedure 
which needs to be refined in subse- 
quent experimentation. Again, this 
is best done by employing multiple 
Os all having in common the theoret- 
ically relevant attribute but varying 
widely in their irrelevant specificities. 
For Os this process can be introduced 
into the initial experiment by em- 
ploying multiple measures. A major 
practical reason for not doing so is 
that it is so frequently a frustrating 
experience, lending hesitancy, in- 
decision, and a feeling of failure to 
studies that would have been inter- 
preted with confidence had but a 
single response measure been em- 
ployed. 

Transition experiments. The two 
previous paragraphs have argued 
against the exact replication of experi- 
mental apparatus and measurement 
procedures on the grounds that this 
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continues the confounding of theory- 
relevant aspects of X and O with 
specific artifacts of unknown influ- 
ence. On the other hand, the con- 
fusion in our literature generated by 
the heterogeneity of results from stud- 
ies all on what is nominally the 
“same” problem but varying in im- 
plementation, is leading some to call 
for exact replication of initial proce- 
dures in subsequent research on a 
topic. Certainly no science can 
emerge without dependably repeat- 
able experiments. A suggested res- 
olution is the transition experiment, 
in which the need for varying the 
theory-independent aspects of X and 
O is met in the form of a multiple X, 
multiple O design, one segment of 
which is an “exact”’ replication of the 
original experiment, exact at least in 
those major features which are nor- 
mally reported in experimental writ- 
ings. 

Internal vs. external validity. If one 
is in a situation where either internal 
validity or representativeness must 
be sacrificed, which should it be? The 
answer is clear. Internal validity is 
the prior and indispensable considera- 
tion. The optimal design is, of course, 
one having both internal and external 
validity. Insofar as such settings are 
available, they should be exploited, 
without embarrassment from the ap- 
parent opportunistic warping of the 
content of studies by the availability 
of laboratory techniques. In _ this 
sense, a science is as Opportunistic as 
a bacteria culture and grows only 
where growth is possible. One basic 
necessity for such growth is the 
machinery for selecting among al- 
ternative hypotheses, no matter how 
limited those hypotheses may have 
to be. 


SUMMARY 


In analyzing the extraneous vari- 
ables which experimental designs for 
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social settings seek to control, seven 
categories have been distinguished: 
history, maturation, testing, instru- 
ment decay, regression, selection, and 
mortality. In general, the simple or 
main effects of these variables jeopar- 
dize the internal validity of the ex- 
periment and are adequately con- 
trolled in standard experimental de- 
signs. The interactive effects of these 
variables and of experimental ar- 
rangements affect the external valid- 
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Transfer of training has been de- 
fined as ‘“* .. . the effect of a preceding 
activity upon the learning of a given 
task"”’ (58, p. 520). The preceding 
activity will be referred to here as 
Task 1. The task to be learned, that 
to which the transfer occurs, will be 
referred to as Task 2. This paper dis- 
cusses the experimental designs and 
formulas that are appropriate in two 
types of transfer studies, verbal trans- 
fer (VT) and predifferentiation (PD). 
Studies of VT are those in which the 
material to be learned in both Task 1 
and Task 2 is verbal, usually nonsense 
syllables. Studies of PD are those in 
which Ss in Task 1 become familiar 


with the stimuli in one of several pos- 
sible ways (for instance, by studying 
them individually, by noting similari- 
ties or differences, or by learning dis- 


tinctive labels for them); then in Task 
2 the effects of this familiarization are 
determined by having Ss learn simple 
discriminative motor responses to 
these same stimuli.?- Typical experi- 
ments in VT have been performed by 
Bruce (8) and Underwood (74); typi- 
cal experiments in PD have been per- 
formed by Gagné and Baker (24) and 
Rossman and Goss (63). 

Studies of VT and PD are con- 
sidered together because they have 
much the same problems of method- 
ology. Not only are they both trans- 
fer studies but also the type of learn- 
ing involved in Task 2, where the 
test for transfer occurs, is very simi- 


1 The preparation of this article was in part 
supported by a research grant, NSF G2590, 
from the National Science Foundation. 

2 A few PD studies (3, 55, 62) have investi- 
gated the effects of the familiarization process 
on the recognition of the stimuli rather than 
on learning, and these studies will also be 
included. 


lar. While on Task 2 in VT Ss may 
be calling out nonsense syllables and 
in PD they may be pressing buttons, 
still in both cases Ss are learning 
which of X responses is correct for 
each of Y stimuli (X and Y usually 
being the same). That is, Ss are 
learning simple discriminative re- 
sponses to a number of different 
stimuli. 

On the other hand, studies of motor 
transfer usually investigate the ac- 
quisition of a rather complex motor 
response, and this presents a some- 
what different set of methodological 
problems from those encountered in 
studying the learning of simple dis- 
criminative responses. Of course, 
it is sometimes hard to differentiate 
between PD studies and motor trans- 
fer studies, especially when both 
types of studies may use tasks which 
the authors refer to as “‘perceptual- 
motor.”’ As used here the distinction 
between PD and motor transfer is 
this: if the second task response is a 
simple one which has been learned 
prior to the experiment (pressing a 
button, throwing a_ switch) this 
would be PD; if it is the response 
itself rather than the association of a 
response to a stimulus that is learned 
(mirror drawing, pursuit rotor) this 
would be motor transfer. 

This paper, then, deals with experi- 
mental designs and formulas that are 
appropriate to studies of VT and PD 
but not to studies of motor transfer.* 


* Also, for the most part this paper will ex- 
clude studies of stimulus generalization (which 
deal with the evocation, not the acquisition, of 
a specific response in the second task), studies 
of retroactive and proactive inhibition (which 
are more concerned with retention than with 
learning), and transposition experiments 
(which use a transfer paradigm to infer from 
Task 2 what was learned in Task 1). 
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Although there have been a few PD 
studies carried the animal 
level this report will be restricted to 
studies which have dealt with human 
learning. 


out on 


‘TRANSFER DESIGNS 


Most discussions of transfer de- 
signs are closely modeled after those 
originally suggested by Woodworth 
(75, 76). Woodworth listed five 
different designs, and these differed 
primarily in two dimensions, the use 
of equated tasks or equated groups, 
and before-after tests or 


successive prac tice. 


the use of 
Most experi- 
ments in VT and PD use equated 
groups; the use of equated tasks is 
usually limited to ensuring that vari- 
ous first tasks are equivalent to each 
other or that various second tasks are 
equivalent to each other rather than 
dealing with equivalent first and sec- 
ond tasks. While the use of a before 
test (on the second task) is usually 
essential in motor transfer, it is sel- 
dom if ever used in VT or PD. Rather 
the method of successive practice is 
universal; Ss start from 
scratch on Task 2 and continue until 
some criterion is reached. 

It would seem, then, that in studies 
of VT and PD the most common de- 


almost 


sign is one utilizing equated groups 


This is the 
one listed by Woodworth as Plan 4 
(75, p. 180), where the experimental 
group learns Task 1 and then Task 
2 while the control group learns Task 
2 only. However, a survey of re- 
cent VT and PD experiments showed 
that there are other designs in use, 
even though some of them have not 
been explicitly recognized. The fol- 
lowing section, then, will list five 
different designs that are currently 
in use and will evaluate them pri- 
marily from the point of view of their 
validity. 

Design I. (29, 38, 62.) All Ss learn 


and successive practice 
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Task 1 and then Task 2. Either the 
two tasks are equated or, with coun- 
terbalancing, half the Ss learn Task 
2 and then Task 1. This design has 
been used, for instance, to determine 
if there is more transfer going from 
tactile to visual stimuli or from visual 
to tactile stimuli (29). 

Design IIT. (2,7, 10, 11, 12, 35, 53, 
63, 69.) All Ss learn the same Task 
1 and the same Task 2 but differ in 
the time interval or interpolated 
activity between the two tasks. This 
design has been used to determine 
the amount of transfer occurring 
over varying periods of time (10) or 
to determine the effects of warm-up 
on Task 2 learning (69). 

Design ITT. (1, 3,5, 6, 8, 11, 13, 14, 
15, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 30, 32, 34, 39, 40, 41, 44, 46, 
47, 48, 49, 51, 56, 60, 62, 63, 65, 67, 
68, 70, 71, 73, 74, 78.) The Ss in the 
experimental group (E group) learn 
Task 1 and then Task 2; Ss in the 
control group (C group) engage in a 
different preliminary activity, Task 
1’, before learning Task 2.4 This is 
Woodworth’'s Plan 4, the one that is 
often designated as the standard 
design. Design III has, for instance, 
been used to determine if serial learn- 
ing (Task 2) occurs more rapidly with 
prior familiarization (Task 1) than 
without any prior 


(Task 1’) (40). 


familiarization 


* As Osgood (58) has clearly pointed out, 
if we compare an E group having Task 1 and 
then Task 2 with a C group having Task 2 
only we are comparing the effect of a specific 
preceding activity with that of a nonspecific 
preceding activity. In other words, prior to 
learning Task 2, Ss in the C group are not 
literally doing nothing; they are resting, judg- 
ing cartoons, naming colors, or on their way 
to the experiment. Therefore, this non- 
specific preceding activity is referred to here 
as Task 1’. Of course, Task 1’ does not have 
to be so nonspecific; sometimes its nature will 
be clearly indicated, as when it consists of 
having Ss learn material similar to Task 1 but 
irrelevant to Task 2. 
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This design could be (though as 
pointed out seldom is) modified by 
introducing a foretest on Task 2 to 
ensure equality of groups or to match 
them. So modified, Design II] would 
be identical to the standard RI de- 
sign. The foretest would correspond 
to the original learning, Tasks 1 and 
1’ to the interpolated activity, and 
Task 2 to the test for retention. 
However, in RI studies the original 
learning is usually carried to a higher 
degree than would be desirable for a 
foretest in a transfer experiment. 

Design IV. (2, 6, 7, 9, 16, 17, 19, 
31, 34, 36, 37, 40, 42, 46, 47, 49, 54, 
55, 57, 59, 60, 61, 63, 64, 65, 66.) The 
Ss in the E group learn Task 1 and 
then Task 2; Ss in the C group learn 
Task 1 and then a similar, though not 
identical, second task, Task 2’. Design 
lV has been used to show that, follow- 
ing the learning of A—B (Task 1), it 
is easier to learn A—D (Task 2) than 
it is to learn A—X (Task 2’) given a 


B—C—D chain of pre-established 
associations (64). 

To illustrate the difference between 
Design III and Design IV: We wish 
to determine if learning labels for 
stimuli facilitates the acquisition of 
simple motor responses to these same 


stimuli. For stimuli we select colors 
of various shades of blue and colors of 
various shades of green. In Design 
III Ss in the E group learn both labels 
and motor responses to the blue 
colors while Ss in the C group learn 
labels for the green colors but motor 
responses to the blue. In Design 1V 
Ss in the E group learn both labels 
and motor responses to the blue 
colors, but Ss in the C group learn 
labels for the blue colors and motor 
responses to the green. 

Design V. (4, 8, 33, 38, 43, 52, 74, 
77, 78.) The Ss in one group learn 
Task 1 and then Task 2; Ss in the 
second group learn both a different 
first task, Task 1’, and a different 
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second task, Task 2’. As usually used 
Tasks 1 and 1’ are similar and Tasks 
2 and 2’ are also similar; however, the 
intertask relationship between Tasks 
1 and 2 is different from that between 
Tasks 1’ and 2’. In one experiment 
in which this design was used the 
interlist response similarity was 
varied from none to synonymity 
(52). 

It is, of course, axiomatic that all 
transfer depends upon intertask rela- 
tionships. In Design V it is quite ap- 
parent that the intertask relation- 
ship differs for the various groups. 
However, it also differs in Designs 
III and IV, in the first case because 
the first task varies and in the second 
case because the second task varies. 
Actually, the difference among the 
five designs is in where the experi- 
mental variation is introduced. In 
Design I it is in the sequence in which 
the two tasks are learned. In Design 
II it is in the period intervening be- 
tween the first and second tasks. In 
Design III the variation is in the first 
task, in Design IV in the second task, 
and in Design V it is in both. 

There is, of course, no reason to 
restrict the designs to two groups; 
this has been done in an attempt to 
simplify the descriptions. In study- 
ing transfer over varying periods of 
time (Design II) many different time 
intervals may be used. Design III is 
a common one to study the effects of 
different degrees of Task 1 learning; 
many experiments use four groups 
with no, low, medium, and high first- 
list learning. Design IV is often used 
to study S—R _ position in paired- 
associate VT; following an A—B list 
there may be an A—C, C—B, C-—D, 
and an A—B rearranged list. With 
Design V a number of different de- 
grees of interlist similarity may be 
used. 

Many experiments study the effects 
of two or more independent variables 
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and use different designs for the dif- 
ferent variables. Therefore, many 
experiments were listed under more 
than one design. A fairly common 
combination is to use Design III to 
study the effects of degree of first- 
task learning and at the same time 
Design IV to study the effects of S— 
R position. An experiment by Ross- 
man and Goss (63) actually used 
three different designs; Design II for 
shock or no shock, Design III for 
number of trials of Task 1 learning, 
and Design IV for verbalization or no 
verbalization on the second task. 
Evaluation of the designs. In his 
evaluation of the methods used in the 
study of human learning and reten- 
tion Melton (50) listed three criteria 
to use in evaluating any particular 
methodology: validity, reliability, 
and conformity. Validity refers to 
the extent to which the results ob- 


tained can unequivocally be ascribed 
to the experimental variable or vari- 
ables under investigation. Reliability 


refers to the consistency and con- 
formity to the standardization of 
methods. Since validity is probably 
the sine qua non of methology, and 
since validity is one of the recurring 
problems in the design of transfer 
experiments, this is the chief criterion 
which will be used in evaluating the 
frve transfer designs listed above. 
Since Designs III, 1V, and V are prob- 
ably the most common and the most 
important designs in VT and PD, 
they will be considered first. 

The basic problem in Design III is 
ensuring that Task 1 and Task 1’ dif- 
fer in one and only one way; i.e., dif- 
fer only in the experimental variable 
under investigation. And two reasons 
why this is often a real problem are 
warm-up and learning-how-to-learn. 
A number of experiments have shown 
that the learning of a given task is 
effected, and sometimes markedly, 
both by the immediately preceding 
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activity and by the number (or ex- 
tent) of similar tasks previously 
learned (45). If then the E group 
learns Task 1 and then Task 2 while 
the C group “rests’’ and then learns 
Task 2 any resulting differences in the 
learning of Task 2 may be due to 
the specific effects of the particular 
Task 1, the warm-up from Task 1, or 
the general facilitation from learning 
a similar, though not identical, prior 
task. 

This, then, is perhaps the clearest 
case of an invalid design. From such 
an experiment we could, of course, 
draw conclusions about the over-all 
direction and degree of transfer. 
However, we would not know the 
relative weights to assign the three 
factors as determinants of the trans- 
fer. Of course, if the net transfer were 
negative we could be sure that there 
was interference from the specific 
Task 1, but we wouldn't know how 
much greater it would have been 
had warm-up and learning-how-to- 
learn been controlled. 

One paradoxical aspect of this situ- 
ation is that Design III is almost uni- 
versally used in studying the one vari- 
able where there is the most reason 
to assume that warm-up and learning- 
how-to-learn would have a definite 
effect; that is, in studying the effect 
of the degree of Task 1 learning on 
transfer. In the typical experiment 
of this type the various groups differ 
in the amount of practice on Task 1, 
and the almost universal result is that 
transfer increases as practice on Task 
1 increases. Yet it is reasonable to 
assume that both warm-up and learn- 
ing-how-to-learn also increase with 
practice on Task 1 and it may be this 
rather than the specific facilitation 
resulting from better mastery of Task 
1 that accounts for the positive trans- 
fer. To control for these general 
practice effects it is necessary for all 
groups to have the same over-all 
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amount of practice on a prior task but 
to vary the amount of practice on a 
relevant first task. Only two experi- 
ments have been found which have 
controlled for warm-up and learning- 
how-to-learn; one of them (56) found 
the usual facilitation while the other 
(15) did not. Perhaps it would be 
wiser to suspend judgment about the 
effects of the degree of familiarization 
on transfer until more adequately 
controlled experiments have been per- 
formed. 

There are other situations where 
these general practice effects may be 
confounded with the experimental 
variable. For instance, if Task 1 
involves learning responses to stimu- 
li while Task 1’ involves studying 
them, for instance, to note similarities 
and differences there may be more 
warm-up or a_ better developed 
learning set resulting from Task 1. 
Probably the ideal solution to this 
problem is to use for Tasks 1 and 1’ 


two tasks which are basically identical 
but differ in that one (Task 1) is rele- 
vant to Task 2 while the other (Task 
1’) is not. 

Design IV does not have this prob- 


lem because the same first task is 
used for both E and C groups. The 
chief problem with this design is en- 
suring that Tasks 2 and 2’ are equiva- 
lent; i.e., would be equally difficult 
to learn in the absence of Task 1. If 
this assumption cannot be made then 
it is impossible to draw any conclu- 
sions whatsoever about transfer; dif- 
ferences between the E and C group 
may simply reflect the fact that one 
second task is more difficult than the 
other. Without appropriate controls 
then this would also be an invalid 
design. 

It is, of course, possible to deter- 
mine if Task 2 and Task 2’ are of 
equal difficulty by having a separate 
control group learn both second tasks 
without Task 1. Or as another alter- 


native it is possible to control for 
possible inequalities between the two 
second tasks. One way that this could 
be done which is particularly suitable 
for studies of VT would be to get one 
master second list and then subdivide 
it into Task 2 and Task 2’ by random- 
ly assigning the S—R pairs to one of 
the two tasks. This is, of course, 
directly comparable to the generally 
accepted procedure of random'y as- 
signing Ss as a means of obtaining 
equal groups. A second method of 
control is to use counterbalancing. 
With counterbalancing for one group 
of Ss Task 2 would be the experi- 
mental task and Task 2’ the control 
task. This would be reversed for the 
second group. Any systematic dif- 
ferences should balance out and thus 
not affect transfer. 

Counterbalancing, however, im- 
mediately introduces an additional 
factor. There must be two first tasks, 
Task 1 as a relevant first task when 
Task 2 is the experimental task and 
Task 1’ as a relevant first task when 
Task 2’ is the experimental task. We 
then need four groups, Group A to 
learn Task 1 and Task 2, B to learn 
1 and 2’, C to learn 1’ and 2’, and D 
to learn 1’ and 2. Thus, B serves asa 
baseline to measure the transfer for 
A, and D the baseline for C, The over- 
all measure of transfer would then be 
(A—B)+(C—D). 

Of course, counterbalancing can al- 
so be used with Design III. In the 
logic of this Design D serves as the 
baseline for A, and B as the baseline 
for C. The over-all measure of trans- 
fer here would be (A—D)+(C—B). 
Since (A—B)+(C—D) =(A—D) 
4+(C —B) it can be argued that, with 
counterbalancing, Designs III and 
IV are identical. However, this is not 
necessarily so; with Design IV each 
S can serve as his own control (and 
this is one of the big advantages of 


Design IV over Design II1]). With 
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each S serving as his own control only 
two groups of Ss are necessary, one 
group to learn Task 1 and then both 
Tasks 2 and 2’ while a second group 
learns Task 1’ and again both Tasks 
2 and 2’. Actually in some cases 
Tasks 2 and 2’ can be scrambled to- 
gether and presented as one task 
though scored as two (9, 42, 47, 54, 
57, 64). The comparable procedure 
with Design III would be for one 
group to learn both Tasks 1 and 1’ 
then Task 2 while a second group 
learns Tasks 1 and 1’ and then Task 
2’. This of course doesn't make sense; 
there is no group which learns a 
second task without previously hav- 
ing learned a relevant first task. 

At first glance it would appear that 
Design V had the problems of both 
Designs III and IV. Since one group 
will learn Task 1 while a second group 
learns Task 1’ there is the problem 
of ensuring that the first tasks differ 
in only one way. And since one group 
will learn Task 2 and a second group 
Task 2’ there is the additional prob- 
lem of ensuring that the two second 
tasks are of equal difficulty. However 
some type of counterbalancing is al- 
most always used with this design 
(72) and the counterbalancing may 
handle these problems adequately. 

If the order in which Ss experience 
treatments is counterbalanced this 
will control for learning-how-to-learn 
(though if the various first tasks re- 
quire different amounts of practice this 
does not control for warm-up). If the 
specific tasks are counterbalanced 
among treatments (i.e., if a given task 
is Task 1 half the time and Task 1’ 
the other half) possible inequalities 
among the various first tasks will be 
controlled. Even if the tasks are not 
counterbalanced it is at least possible 
to determine from the results if the 
various first tasks are comparable 
and, if they are not, the conclusions 
can be modified accordingly. 
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If the specific tasks are counter- 
balanced among treatments on the 
second task this would be the same 
type of control discussed in connec- 
tion with Design IV. If they are not; 
if one task is always Task 2, another 
one Task 2’, and so on, then there is 
more of a problem. Within the frame- 
work of the transfer experiment itself 
it is not possible to determine if the 
various second tasks are of equal 
difficulty, because task difficulty is 
confounded with transfer effects. 
Here there should either be some com- 
pelling reason to believe on a priori 
grounds that the various second tasks 
are equivalent or a separate control 
group should be run to determine this 
empirically. 

In Design I if all Ss learn Task 1 
and then Task 2 practice effects and 
the specific facilitation from Task 1 
are confounded. To lave a valid de- 
sign with counterbalancing it is prob- 
ably necessary to assume that prac- 
tice effects from Task 1 to Task 2 are 
equal to the practice effects from 
Task 2 to Task 1. Unless this assump- 
tion seems reasonable it would prob- 
ably be safer, though more compli- 
cated, to use either Design III or IV. 

One possible use of Design I with 
counterbalancing would be to test the 
basic assumption for Design IV; that 
is, that Tasks 2 and 2’ are equivalent. 
This is one case where it probably 
would be reasonable to assume that 
the practice effects in both directions 
were comparable. The other way of 
testing the equality of the two tasks 
would be, of course, to have two 
separate groups, one to learn Task 2 
and the other to learn Task 2’. 

Of the five designs, Design II is 
probably the one with the fewest diff- 
culties. Both groups learn the same 
first and second tasks, so there is no 
problem about ensuring equality. In 
Design II the chief concern is that 
the intervening activities differ in 
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only one way, but this need not pre- 
sent any unusual problems of con- 
trol. 

Selection of appropriate design. In 
selecting an appropriate design for a 
particular transfer experiment the 
validity of the design is, of course, 
of particular importance. However, 
the particular problem to be studied 
is also an important determinant. If, 
for instance, one wishes to determine 
if the transfer from A to B differs 
from the transfer from B to A, Design 
I is the logical choice. Or in studying 
warm-up itself or the nature of the 
intervening activity Design II would 
be used. 

Since transfer is presumably a func- 
tion both of the task from which 
transfer occurs and the task to which 
transfer occurs either of these is a fit 
subject for investigation. On logical 
grounds the first would utilize De- 
sign III and the second Design IV. 
However it is probably not necessary 
to adhere strictly to this principle. 
Both designs (as well as the others) 
are different ways of studying the 
same basic problem of transfer, the 
effect of different intertask relation- 
tionships. Therefore if a different 
design seemed more suitable on other 
groups (especially validity) it should 
probably be used. 

Finally, when each S is tested un- 
der a number of (or all) different con- 
ditions Design V is probably necessary. 
Obviously the same S cannot learn 
the same task more than once, and 
Design V is the only one that pro- 
vides a number of separate first and 
second tasks. 


TRANSFER FORMULAS 


This section deals with the problem 
of determining the amount of transfer 
obtained in a given experiment. If 
Design | is used without counterbal- 
ancing, the basic comparison is be- 
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tween the learning of Task 1 and the 
learning of Task 2. In all other de- 
signs the basic comparison is between 
the learning of Task 2 by the E group 
and the learning of Task 2 or Task 2’ 
by the C group. If the measure of 
learning used is such that the larger 
the numerical value the better the 
learning (as would be true with num- 
ber of correct responses) the amount 
of transfer would be represented by 
(E—C). If the measure of learning is 
such that the larger the value the 
poorer the learning (number of errors 
or number of trials to reach criterion) 
the amount of transfer would be given 
by (C—E). In this way the sign of 
the difference would indicate whether 
the transfer was positive or negative. 

Each of these measures, (E—C) 
and (C—E), yields a clear-cut meas- 
ure of the amount of transfer obtained 
in a particular experiment. However, 
as has been pointed out (28), since the 
values are in raw score units it is im- 
possible with this measure to com- 
pare the results of experiments which 
have used different measures of 
learning. What is needed, then, is a 
measure of transfer which is inde- 
pendent of the raw score units. For 
studies of VI and PD probably the 
best way of doing this is to express 
the difference between E and C asa 
percentage. 

In their article on the measure- 
ment of transfer of training Gagné, 
Foster, and Crowley (28) suggest two 
different ways of obtaining value indi- 
cating the percentage of transfer. The 
first way to do this is to compare the 
difference between the E and C 
groups with the performance of the 
C group itself. If the measure of 
learning is one such as number of 
correct responses the formula would 
be: 


[1a] 
x 100. 


Percentage of transfer =- c 


wa 
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If the measure of learning is one such 
as number of errors or trials the for- 
mula would be: 


[1b] 


Percentage of transfer =— —— X 100. 


. . 


The second way is to compare the 
difference between the E and C 
groups to the maximum amount of 
improvement The maxi- 
mum improvement possible is deter- 
mined by the difference between the 
total possible score on Task 2 (here 
indicated by T) and the actual per- 
formance of the C group on Task 2. 
Thus if the measure of learning is one 
such as the number of correct re- 
sponses the formula would be: 


possible. 


. 


Percentage of transfer= a 
T_< 


If the measure of learning is one such 
as number of errors or trials the for- 
mula would be: 


[2b] 
—><100. 
= 


Percentage of transfer = 


That these two types of formulas 
really do differ can be seen by the 
following hypothetical example: In 
Experiment A, T=20, E=16, and 
C=12; in Experiment B, T=80, 
E=25, and C=15. For which Ex- 
periment, A or B, is there the greater 
transfer? By Formula [la] the answer 
would be B, 67% to 33%; by Formula 
[2a] the answer would be A, 50% to 
15%. These two formulas differ not 
only as to which experiment showed 
the greater transfer but also as to 


* Gagné et al. label the first type of formula 
“per cent improvement” and the second type 
“per cent transfer.” Actually, the former re- 
flects improvement (of the E group over the 
C group) relative to the C group while the 
latter reflects improvement relative to the 
maximum improvement possible. Here, how- 
ever, both will be referred to as percentage of 
transfer. 
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the absolute amount of transfer in 
each. Clearly then it makes a differ- 
ence whether the difference between 
the E group and the C group is com- 
pared to the performance of the C 
group or to the total amount of im- 
provement that is possible. 

Gagné et al. make a strong case for 
the second type of formula. They 
feel that for both theoretical and 
practice purposes it is more desirable 
to determine how close the obtained 
transfer comes to the maximum 
amount of transfer that is possible 
than to determine how great the 
transfer is relative to the level of 
zero transfer (which is given by the 
performance of the C group on Task 
2). It is certainly true that at times 
it would be very desirable to deter- 
mine how great the transfer is rela- 
tive to the maximum possible. How- 
ever, there are at least four reasons 
why the use of the second type of 
formula may not be completely satis- 
factory. 

1. Determination of T may be dif- 
ficult or impossible. Is T to be con- 
sidered perfect performance (i.e., no 
errors, no trials to learn, or 100% cor- 
rect responses)? If so, this would 
seem quite unrealistic; even a group 
which had perfected Task 2 prior to 
being tested on it would usually not 
exhibit perfect performance on the 
test for transfer. If not, then T 
would presumably have to be deter- 
mined empirically—as Gagné and 
Foster (26, 27) actually do in the 
two cases in which they use this 
type of formula. Then, however, to- 
tal possible score becomes the best 
score obtained, and what started out 
as a theoretical limit becomes an 
empirical limit. This difficulty of 
getting an appropriate value for T is 
probably the single greatest weakness 
in the use of the second type of for- 
mula. 

2. If T is empirically determined 
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there might be times when its validity 
could be questioned. What guaran- 
tee could there be that any given 
group actually performed at its best? 
Or, if all groups in the experiment 
were poorer than the C group one 
might be forced to the rather strange 
conclusion that T was given by the 
performance of the group showing 
the least negative transfer. 

3. Although it is generally con- 
sidered that transfer effects decrease 
as Task 2 learning progresses, the 
second type of formula may show 
transfer effects to increase toward 
the later stages of learning. This 
would occur, for instance, with For- 
mula [2a] if the differences between 
the E and C groups were approxi- 
mately the same at the beginning, 
middle, and end of learning and if the 
difference between T and C de- 
creased as learning continued (which 
is probably to be expected). Under 


the same conditions Formula [la] 


would show transfer effects to de- 
crease, as the denominator would be 
increasing. 

4. As Gagné et al. point out (28, pp. 
104-105) these formulas are unsatis- 
factory for negative transfer. The 
lower limit of both is minus infinity, 
not —100%. Also, —100% transfer 
is not comparable to +100% trans- 
fer; i.e., the latter indicates the best 
performance possible but the former 
does not indicate the worst perform- 
ance possible. Of course, this criti- 
cism also applies to the first type of 
formula as well. 

These then are four difficulties 
which may arise in using the second 
type of formula. With the exception 
of the last one these problems would 
not apply to the first type of formula 
as there is no reference to total possi- 
ble score. As for the first type of 
formula there are two main criticisms 
which Gagné et al. seem to make of it. 

1. “Their [Formulas la and 1b] 
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outstanding limitation is the fact 
that percent improvement is a meas- 
ure which is dependent upon the raw 
score units, and does not permit a 
comparison with the percent im- 
provement obtained with other 
tasks’”’ (p. 106). However, as has 
been pointed out, the first type of 
formula expresses transfer as a per- 
centage, and two percentages can al- 
ways be compared. If one experiment 
used number of correct responses as 
the measure of learning and found 
50% transfer while a second experi- 
ment used number of trials to reach 
criterion as the measure of learning 
and found only 25% transfer one 
could still say that there was more 
transfer in the first experiment. Of 
course, one could not be sure whether 
the greater transfer found in the first 
experiment was a function of different 
measures of learning or greater facili- 
tation from the first task, but still the 
direction of the difference is unam- 
biguous. 

Later on Gagné et al. claim that, 
“The [Formulas 2a and 2b] yield a 
measure of transfer which is inde- 
pendent of variations in the rate of 
learning of different tasks employed 
in transfer experiments, and thus 
permit comparisons to be made be- 
tween studies” (p. 112). Perhaps 
what Gagné et al. mean when they 
say that the outstanding limitation of 
the first type of formula is that it is 
“dependent upon the raw score units” 
is that it is dependent upon varia- 
tions in the rate of learning of the 
second task. In this connection they 
state (p. 101) that, with the first type 
of formula, comparisons among the 
percentage of transfer obtained at 
different stages of Task 2 learning are 
unjustifiable unless the negatively ac- 
celerated portion of the Task 2 learn- 
ing curve is taken into consideration. 

It is certainly true that the shape 
of the Task 2 learning curve (i.e., 
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“variations in the rate of learning’’) 
will affect the amount of transfer 
obtained if the first type of formula 
is used. However, it would seem that 
the shape of the Task 2 learning curve 
would also affect transfer if the sec- 
ond type of formula were used. Thus, 
with a negatively accelerated curve 
in Task 2 the C group will probably 
be far from maximum performance 
early in learning but close to the lim- 
it late in learning, and this will direct- 
ly determine the values that the de- 
nominator will take in the second 
type of formula. 

Probably both types of formulas 
are in part dependent upon the shape 
of the Task 2 learning curve. How- 
ever, it can be argued that this is a 
strength, not a weakness, of both 
types of formulas. As has been 
pointed out, transfer effects are a 
function not only of the task from 
which transfer occurs but also of the 
task to which transfer occurs, and 
it would seem desirable that a trans- 
fer formula be sensitive to both sets 
of variables. 

2. The second criticism which 
Gagné et al. make of the first type of 
formula seems to be this: percentage- 
wise a large difference between E and 
C groups may be misleading if the 
performance of both is quite poor rel- 
ative to T. This is certainly true; to 
take an example even more extreme 
than theirs; if T=105, E=10, and 
(‘=5, to call this 100% transfer by 
Formula [la] neglects the fact that 
even the E group is very poor rela- 
tive to what could be achieved. On 
the other hand, to call this 5% trans- 
fer by Formula [2a] seems equally 
misleading—after all, the E group is 
twice as good as the C group, poor 
though both may be. 

It has been suggested* that what 


* The author would like to thank Miss 
Harriet Foster for this and several other very 
helpful suggestions. 
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Gagné et al. were attempting to find 
was a measure of transfer independ- 
ent of the raw score units in the sense 
that the standard deviation is inde- 
pendent of raw score units: with a 
normal distribution not only does one 
sigma above and below the mean, for 
instance, include about two-thirds of 
the group irrespective of the units 
of the distribution but also a stand- 
ard score of + 1.00, for instance, is just 
as far above the mean as a standard 
score of —1.00 is below the mean. 
With a transfer formula that was 
independent of raw score units in 
this sense a Task 1 that resulted in 
50% positive transfer in one situa- 
tion would be just as effective as a 
Task 1 that resulted in 50% positive 
transfer in a different situation. Also, 
a Task 1 producing 50% positive 
transfer would facilitate Task 2 
learning just as much as a Task 1 
that produced 50% negative transfer 
would interfere with it. To meet 
these requirements a transfer for- 
mula would have to be such that posi- 
tive and negative transfer were sym- 
metrical, and to be symmetrical the 
absolute value of the upper and lower 
limits must be identical (preferably, 
of course, 100%). It is on this last 
point, identical upper and lower 
limits, that both types of transfer 
formulas are unsatisfactory. 

There is one way to modify the 
first type of formula so that positive 
and negative transfer would be sym- 
metrical and the upper and lower 
limits would be 100%. This is to 
make the denominator include the 
performance of the E group as well 
as the performance of the C group. 
If the measure of learning were num- 
ber of correct responses the formula 
would be: 


= 


E 
Percentage of tra a —— X 100. 


4 4 
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If the measure of learning were num- 
ber of errors or trials the formula 
would be: 


[3b] 


Percentage of transfer =—— ~ 100. 
E+C 


4 


‘ ~ 
« 


To compare the three types of 
transfer formulas Table 1 lists a num- 
ber of hypothetical results and the 


TABLE 1 
PERCENTAGE OF TRANSFER AS DETERMINED 
BY EACH OF THE THREE FORMULAS 


Number of 
Correct 
Responses 


Formulas 


e € T (1a). [2a] 


S _ 


0 20 

Ss 5 BB 
10 § 20 
a a 

5 10 20 

$i @ 

0 20 20 


+ +100% +100% 

+200% + 67% + 50% 

+100% + 33% + 33% 
0% 

- 9% - 

200% 


— @ 


33% 
— 50% 
~ 100% 


~100% 
percentage of transfer given by Formu- 
las [la], [2a], and [3a]. In this par- 
ticular example Formula [la] is 
clearly more suitable for negative 
transfer than for positive transfer, as 
in the latter case the transfer can go 
to plus infinity. The opposite holds 
true for Formula [2a] where the 
negative transfer can go to minus in- 
finity. Only Formula [3a] is sym- 
metrical and has an upper and lower 
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limit of 100%. However it should 
be noted that in general Formula 
[3a] gives smaller values than either 
of the other two formulas. In using 
this formula on some of his own data 
it has been the author’s experience 
that the third type of formula usually 
does give rather small values for the 
percentage of transfer obtained. 

Here, then, are three different 
transfer formulas, each with its own 
advantages and disadvantages. It 
does seem that the third type may 
be preferable to the first type. 
Whether or not it is preferable to 
the second type probably depends 
primarily on how important it is to 
try to relate the obtained transfer to 
the maximum transfer possible. 

In conclusion, even though none 
of the formulas is perfect it is better 
to use some formula than none at 
all. Of some fifty-eight experimental 
studies published since the Gagné 
article appeared in 1948 only five 
(6, 26, 27, 37, 54) used any formula 
whatsoever, and of these five two 
(26, 27) were part of the original 
Gagné series. If we are to make real 
progress in establishing functional 
relationships in the area of transfer 
it is absolutely essential, as Gagné 
et al. (28) clearly point out, to have 
some means of representing the 
amount of transfer so as to compare 
different studies. That is why it is 
necessary to develop and use trans- 
fer formulas. 
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Quite a few important works in ex- 
perimental psychology, especially in 
the field of visual perception, have 
been done in Japan, and yet only a 
few of them are known to psycholo- 
gists in the United States and Eu- 
rope. Concerning figural aftereffects, 
Japanese psychologists have con- 
ducted a great many experiments 
since Gibson's (6), Kéhler’s (25), and 
Kéhler and Wallach’s (26) original 
studies were reported, though some 
related studies had been done before 
(33, 44). In the present paper, the 
authors intend to review some of 


these Japanese investigations, and 
hope to bring about some fruitful 


comparisons of American and Euro- 
pean studies with them. 

It will be worth while to outline 
briefly the Kéhler-Wallach theory of 
figural aftereffects before reviewing 
these individual studies. If a part of 
the visual field has been occupied for 
some time by a figure, another figure 
which is afterwards shown in about 
the same place will generally be 
changed in its apparent location, size, 
shape, clearness, or depth. This phe- 
nomenon was named the “figural 
aftereffect."" According to Kéhler 
and Wallach, the most fundamental 
principle of the figural aftereffect is 
“displacement."’ The test-object or 
its parts recede from the region in 
which the inspection-object has been 
shown, and particularly from the 
place formerly occupied by the edge 
or contour of the object. If the T- 
object lies entirely within the area of 
the previously inspected figure, its 


parts recede from the zone that has 
been occupied by the contour of the 
I-figure, and the T-object shrinks. 
Conversely, if the T-object surrounds 
the area of the I-object, the T-object 
is enlarged for the same reason. If 
parts of the T-object are displaced in 
varying degrees or in different direc- 
tions, the shape of the T-object is 
distorted. 

The second important principle of 
the Kéhler-Wallach theory is ‘“‘dis- 
tance paradox.” The amount of the 
displacement depends on the distance 
between the I- and T-object. For 
instance, if the I-object is a straight 
line, the T-line which coincides with 
the I-line will not be displaced. 
Neither will it be displaced if it is 
shown very far apart from the I-line. 
In a wide range of intermediate posi- 
tions the T-line will recede from the 
I-line, and at a certain distance 
within this range its displacement 
will be maximal. Up to such an opti- 
mal distance, the farther the T-line 
is from the I-line, the larger is the dis- 
placement; this principle is called 
“distance paradox.” 


Gisson's “Curvep Line” Errect 


More than twenty years ago, Gib- 
son discovered a new phenomenon. 
If a person observes a slightly curved 
line continuously, it gradually comes 
to appear curved. When a 
straight line is shown in the same 
place immediately afterwards, it ap- 
pears curved in the opposite direc- 
tion. This phenomenon was called 
“curved line’ effect. More recently, 
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Kéhler and Wallach proposed that 
this effect could be explained by the 
displacement of the test-line from the 
satiation area caused by the I-curve, 
and by the “distance paradox"’ prin- 
ciple of displacement. Since then, 
this “curved line’ effect has been 
treated as a part of figural afteref- 
fects. 

In Japan, Nozawa (41) has per- 
formed the most systematic analysis 
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of this effect. Gibson used a flexible 
rod, whose curvature could be varied, 
as a T-line to measure the amount of 
the effect. The observer was asked to 
adjust this flexible T-rod to appear 
straight, and the difference between 
this apparent straight line and the 
physically straight line was regarded 
as the amount of aftereffect. Nozawa, 
on the other hand, presented to the 
subject two T-lines on either side of a 
fixation mark; one line was straight 
or had a fixed curvature and was pre- 
sented where the I-line had been, and 
the other was a flexible rod and was 
shown in the neutral area (see Fig. 1). 
His subject was asked to adjust the 
flexible rod to appear to have the 
same curvature as the fixed one. This 
new method made it possible for him 
to measure the aftereffect of the I- 
curve on T-curves with varied curva- 
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tures, as well as on the straight T-line. 
The results of this study of the ex- 
tended ‘‘curved line”’ effect revealed 
the fact that the T-curve always de- 
creased its apparent curvature, even 
when it was more curved than the I- 
curve. According to the Kéhler-Wal- 
lach theory, the T-curve would have 
been expected to increase its apparent 
curvature. Nozawa criticized the 
theory on the basis of these and some 
other results. He also conducted ex- 
periments on other aspects of this ef- 
fect. Some of them will be referred 
to later. 

Yoshida (63) and Kogiso (23) 
measured the displacement of T-dots 
caused by the preceding inspection of 
curved lines. These are also analyses 
of the “curved line” effect in the 
broad sense, and will be mentioned 
later. 

Oguro (49) studied Gibson's “‘tilted 
line’ effect and obtained results 
which fitted the Kéhler-Wallach the- 
ory well. Ishigooka (20) analyzed 
Gibson's “‘bent line” effect and found 
the maximal effect after the inspec- 
tion of a right-angled figure. 


KOHLER AND WALLACH’Ss “SIZE” 
EFFECT 

If we locate an outline circle as a T- 
object within another outline circle 
adopted as an I-object, the T-circle 
will shrink, and when it surrounds 
the I-circle, it will grow, according to 
the Kéhler-Wallach “displacement” 
theory. Such shrinkage or growth will 
become maximal at a certain spatial 
separation between the outlines of I- 
and T-circles, according to the Kéh- 
ler-Wallach “distance paradox”’ prin- 
ciple. 

To examine these expectations, 
Oyama (52), Ikeda (13), Ikeda and 
Obonai (17), and Kogiso (24) meas- 
ured the amount of growth and 
shrinkage of the T-circle by varying 
the size of the I-circle from smaller 
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to larger than the former. Some of 
these results are illustrated in Fig. 2, 
in which the abscissa represents the 
relative size of the lI-circle to the T- 
circle, while the ordinate represents 
the relative amount of aftereffect. 
These curves, as well as those not 
quoted here, have essentially the 
same shape in spite of the variety of 
experimental conditions, such as the 
absolute size of the T-circle, the ob- 
servation distance, the method of 
measurement, the inspection time, 
etc. 

Oyama (55) discussed these results 
with the following conclusions: 

a. The T-circle grows when it is 
larger than the I-circle and shrinks 
when it is smaller. This fact agrees 
exactly with the “displacement” 
principle. 

b. If the size of the T-circle is 
equal to that of the I-circle and coin- 
cides with it, according to the ‘‘dis- 
placement” principle neither growth 
nor shrinkage should occur. On the 
contrary, Fig. 2 indicates that it 
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shrinks under such conditions. Kéhler 
and Wallach previously recognized 
this fact and presented an additional 
hypothesis to meet it. However, 
Hebb (10) and Smith (58) objected 
that the additional hypothesis was an 
ad hoc one. 

c. The amount of shrinkage, in 
general, is greater than the amount of 
growth. This is also underivable from 
the simple “displacement”’ principle. 

d. There are, as the ‘‘distance 
paradox” principle predicts, optimal 
points of growth and of shrinkage, 
where the amount of growth or 
shrinkage becomes maximal. In al- 
most all curves in Fig. 2, the maximal 
growth occurs when the I-circle is 
one-half of the T-circle in diameter, 
and the maximal shrinkage occurs 
when the I-circle is twice as large as 
the T-circle. This rule holds regard- 
less of the size of the T-circle. It 
means that the optimal condition 
for displacement, or the limit of “‘dis- 
tance paradox,” is not determined 
by the absolute distance between the 
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outlines of I- and T-circles, but by 
the relative size of the I-circle to the 
T-circle. Similar facts were discov- 
ered by Morinaga (33) and Ogasa- 
wara (47) with simultaneous assimila- 
tion-contrast illusion of concentric 
circles in which the maximal attrac- 
tion effect occurred when the size 
ratio of the two circles was 2:3 or 3:2. 
In this illusion, the direction of ‘‘dis- 
placement” and the numerical values 
of the ratio at which the maximal 
effects are obtained are different from 
those of the figural aftereffects. In 
spite of these differences, the fact 
that the principle of ratio-relation 
applies adequately to both phenom- 
ena strongly suggests that there is a 
fundamental similarity between the 
two phenomena. 

The close relationship between the 
figural aftereffects and the assimila- 
tion-contrast illusion was experimen- 
tally ascertained by Ikeda and 
Obonai (17). They discovered the 
continuous transition of results from 
one to the other of these two phenom- 
ena as shown in Fig. 3, as they varied 
the temporal condition of presenta- 
tion of the two circles gradually from 
simultaneity to succession by means 
of a tachistoscope. The curves ob- 
tained under simultaneous presenta- 
tion are similar to Ogasawara's, and 
those under successive presentations 
are like those in Fig. 2. The process 
of gradual shift from the former to 
the latter is observed under interme- 
diate conditions. 


“DISPLACEMENT” EFFECT AND 
“FIELD STRENGTH" 

The displacement of a part of the 
T-object is the most essential part in 
the Kéhler-Wallach theory of figural 
aftereffects. The fundamental hy- 
pothesis in Kéhler’s theory of visual 
perception is that a percept has a 
field of influence surrounding it, just 
as an electric charge has. Many ex- 
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perimental analyses of visual phe- 
nomena have been conducted in Japan 
(36, 48, 62) on similar hypotheses. It 
was natural that Yoshida (63) and 
Kogiso (23) minimized the size of T- 
objects to small dots and measured 
the displacement of these T-dots lo- 
cated at various points around the I- 
object. Fig. 4 indicates the direction 
and amount of displacement of these 
dots. The results show that the T- 
dots not only recede from the area 
which has been occupied by the I- 
object, but also are attracted to it, 
and that the theoretical expectations 
from the ordinary figural aftereffects 
do not necessarily agree with the ex- 
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YOSHIDA'S KOGO'S Numbers in the “Method” column 
EXPERIMENT EXPERPENT in this table indicate the kinds of 
measurement situations. 

Oyama used dots both as I-objects 
and T-objects and measured the ap- 
parent growth and shrinkage of the 
distance between a pair of T-dots 
caused by a pair of I-dots. His results 
tell us that the amount of displace- 
ment does not depend upon the abso- 
lute distance between the I-dot and 
the T-dot, but rather upon the dis- 
tance ratio of I-dots to T-dots, in the 


Fic. 4. Yosutpa’s (63) anp Koctso’s (23) same manner as the “size” effect 


EXPERIMENTS ON THE “DISPLACEMENT” , 
Errect. Arrows INDICATE THE Direction Mentioned above. . 
AND AMOUNT OF DISPLACEMENT. - THE For determination of the “field” 
Lenctus or Arrows Are Dovsiep Reta- strength at various points around the 
TIVE TO INSPECTION-F I1GURE I-object, Nozawa (43) adopted as a 
measure the change of the stimulus 
perimental facts in these situations. threshold of a light spot. His I- 
Morinaga (34), Nakai (40), Oyama _ objects were a curved line, a circle, 
(54), and Ikuta (19) also measured and a tilted line. In general, these 
the amount of displacement of the T- figures produced a sensitizing effect 
object. The results of these experi- on one side of their lines and a de- 
ments as well as those of Fox (3) in sensitizing effect on the other side. 
the United States are shown in Table He discovered that, in an ordinary 
1. Experimental conditions, methods experimental situation, displacement 
of measurement, optimal distance be- always occurred from the sensitized 
tween I- and T-objects, and the area to the desensitized area. 
amount of maximal displacement in Motokawa, Nakagawa,and Kohata 
these experiments are compared. (38) studied figural aftereffects from 


TABLE 1 


OptimaL Distances BETWEEN INSPECTION- AND TEST-OBJECTS, AND AMOUNTS OF 
MAXIMAL DISPLACEMENT, DisCOVERED BY VARIOUS INVESTIGATORS 


Obser- 
Investigator Meth- vation Optimal Distance Maximal 
od Distance between I and T Displacement 


Fox (3), Exp. 1 
Morinaga (34) 
Oyama (54), Exp. 1, 2 
Oyama (54), Exp. 3, 4 
Oyama (54), Exp. 5 
Ikuta (19) 

Kohler & Wallach (26) 
Fox (3), Exp. 2 
Oyama (54), Exp. 6 
Oyama (54), Exp. 7 
Yoshida (63) 

Kogiso (23) 

Nakai (40) 


3 mm. (2.2") 
.5 mm. (8.6) 
0 mm, (3.5’) 
3mm. (7.3') 
3 mm, (5.7’) 
.4 mm, (2.7’) 
2 mm. (2.8') 
8 mm. (1.3’) 
0 mm. (5.6’) 
7 mm, (3.0’) 
3mm. (11’) 

3 mm. (25’) 
.1 mm, (2.9") 


203 cm. 1.3 cm. (22') 

100 cm. 1.5 cm. (52’) 

300 em 1~4.5 cm. (10’~50’) 
61cm. 0.5~3 cm. (0.5°~3°) 
79cm. 0.75~3 cm. (0.5°~2°) 

177 cm. 1.5 cm. (29’) 

274 cm. 0.6 cm. (8’) 

203 cm. 0.6~1.3 cm. (10’'~22') 
61cm. 0O.5~1 cm. (0.5°~1°%) 
79 cm ? 

70 cm ¢ 
118¢em. 1~4 cm. (0.5°~2°) 

130 cm. 1 cm. (26’) 
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the point of view of Motokawa’s 
theory of retinal induction (35, 36, 
37). Their method of measuring in- 
duction was essentially the same 
as those in many other psycho- 
physiological studies of visual proc- 
esses conducted by Motokawa and 
his collaborators which were reviewed 
by Gebhard (5). The electrical sensi- 
tivity of the dark-adapted eye after 
exposure to the light is compared 
with that of the eye at rest, and the 
change is regarded as an index of 
retinal induction. In their experi- 
ments with figural aftereffects, in ad- 
dition to presenting a light-pattern 
which corresponded to the T-object, 
another light-pattern which corre- 
sponded to the Il-object was presented, 
preceding the former. They proposed 
from their results that ‘“‘displace- 
ment” and “distance paradox” could 
be explained by retinal induction. 


TEMPORAL FACTORS 


Concerning the temporal aspects 
of figural aftereffects, Gibson and 
Radner (7) reported with respect to 
the “tilted line”’ effect that the after- 
effect increased with the increase in 
the duration of the inspection period, 
with the maximum effect at about 45 
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seconds; and Bales and Follansbee 
(2) found regarding the ‘‘curved line”’ 
effect that the aftereffect was greatest 
immediately after the inspection pe- 
riod and decreased within 60 seconds. 
More recently, Hammer (9), on “‘dis- 
placement” effect, and Nozawa (41), 
on “curved line” effect, obtained 
practically the same results on these 
two aspects in their more systematic 
experiments. 

In these studies, the amount of 
aftereffect was measured by the 
method of adjustment, which re- 
quired several seconds for one setting, 
and consequently the aftereffect sev- 
eral seconds after the inspection 
period was recorded. Oyama (51) 
pointed this out and tried to measure 
the aftereffect immediately after the 
inspection period by the method of 
constant stimuli. According to his re- 
sults, one second of inspection is long 
enough to produce considerable 
amount of aftereffect, and a longer in- 
spection period could hardly bring 
about any increase in the effect. He 
explained that the curves of disap- 
pearance of aftereffects started from 
almost the same level regardless of 
the inspection time, but the longer 
the inspection period was, the slower 
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was the rate of decrease; and that the 
four studies mentioned above were 
concerned with the lower points of 
the curves, while his own compared 
the curves at their starting points. 
He obtained such curves for various 
inspection periods. Ikeda and Obonai 
(15) performed essentially the same 
experiment more thoroughly and ob- 
tained similar results; Fig. 5 shows 
their results. The curves represent 
the course of disappearance of after- 
effect for inspection periods of from 1 
to 240 seconds respectively. The 
curves in Fig. 5 start from almost 
identical levels, and the longer the 
inspection period is, the slower is 
the rate of decrease. Oyama, as well 
as Ikeda and Obonai, proposed a 
mathematical formula for the disap- 
pearance of aftereffect on the basis 
of experimental data, 


Az=A,ce*' 


in which A indicates the amount of 
aftereffect, A, is a constant which 


represents the common starting point, 
\ is a parameter which represents the 
rate of decrease, and ¢ is the time 
elapsed after the inspection period. 
This formula is essentially the same 


as that of Mueller (39), who used 
Hammer's data, except that A is a 
parameter which varies as a function 
of inspection time, and not a constant 
as in Mueller’s formula. 

In addition to the previously men- 
tioned two experiments, measure- 
ments of aftereffect immediately after 
inspection, as a function of inspection 
time, were conducted by Obonai and 
Suto (45), Fujiwara and Obonai (4), 
Suto and Ikeda (60), and Oyama 
(55). In three out of these six experi- 
ments, no significant difference was 
found between the amount of after- 
effect of one-second inspection and 
that of 15 or 60 seconds’ inspection; 
but, in the other experiments, the 
aftereffect somewhat increased as the 
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inspection time was lengthened. Why 
does such an inconsistency arise 
among the results of these experi- 
ments? The question cannot be an- 
swered yet. 

As a general conclusion, we are able 
to say that even one-second inspec- 
tion produces considerable amount of 
aftereffect, and longer inspection 
brings no or slight increase of after- 
effect, but it slows down the rate of 
decrease markedly. In other words, 
the duration of inspection period af- 
fects the rate of decrease more 
strongly than it does the amount of 
aftereffect immediately after inspec- 
tion. 

Pertaining to the temporal factors, 
Nozawa (42) also conducted an in- 
teresting experiment in which he ex- 
amined the effect of intermittent 
presentation of the I-figure. He 
adopted the same straight line of light 
both as an I-object and a T-object, 
and discovered that its apparent 
length decreased after the prolonged 
inspection of it. This aftereffect 
could also be produced by the inter- 
mittent presentation of the I-line, in 
greater amount than by the continu- 
ous presentation. Varying the cycle 
of on-and-off of I-line, the aftereffect 
became maximal when the light and 
the dark periods were one-half second 
each. 

When, in the figural aftereffects 
experiment, the l-object has the same 
shape and size as the T-object, and 
both the inspection and test periods 
are shortened to a fraction of a sec- 
ond, the experimental situation be- 
comes just the same as that of tau 
effect, which was studied by Scholz 
(57), Helson and King (11), and some 
other investigators. Tau effect was 
described as the overestimation and 
underestimation of the distance be- 
tween the first stimulus and the sec- 
ond stimulus in a situation like that 


of the apparent-movement experi- 
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ment. Obonai and Suzumura (46) 
analyzed the relationship between 
ordinary figural aftereffect and tau 
effect, and concluded that these two 
kinds of phenomena were different 
phases of the same process. They ob- 
served a gradual transition from the 
figural aftereffect to the tau effect. 
When the exposure time of the first 
simulus was short, both stimuli were 
displaced, and when it was rather 
long, only the second stimulus was 
displaced. Usually, the former is 
called tau effect and the latter, fig- 
ural aftereffect. It was also discov- 
ered that in the figural-aftereffect 
situation, not only the repulsion of 
the second stimulus by the first stim- 
ulus but also the attraction of the 
second by the first occurred, as it did 
in the tau-effect situation. This fact 


contradicts the Kéhler-Wallach dis- 
placement theory. 


SOME OTHER SPATIAL FACTORS 


According to the “‘localization”’ of 
aftereffect discussed by Gibson (6) 
and Kdéhler (25), a T-figure presented 
at a different place from the I-figure 
should not be affected, or should have 
a weak aftereffect, if any. Nozawa 
(41) measured the amount of ‘“‘curved 
line’ effect, varying the spatial rela- 
tionship between the l-curve and the 
T-line from overlap to separation. 
The results were not simple. Maxi- 
mal amount of aftereffect occurred 
when the T-line was presented a little 
inside or outside of the I-curve, and 
when they were overlapping. 
Oyama (52, 55) reported, concerning 
the ‘‘size’’ effect, that a considerable 
amount of aftereffect was found when 
the I-circle was presented eccentri- 
cally to the T-cirecle, and that the 
aftereffect slightly decreased as the 
distance between the centers of I- 
and T-circles increased, but it 
curred even when there was no over- 
lapping of the circles. 


not 


“e 
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When the I-figure and the T-figure 
are presented in different distances 
from the subject, the following ques- 
tion arises. Which is the determining 
factor of aftereffect, the retinal size or 
the apparent size of the I-circle? To 
answer this question, Oyama _ per- 
formed some experiments, using vari- 
ous sizes of I-circles which were at dif- 
ferent observation distances from the 
T-circle. His results were not con- 
clusive, but it was certain that the 
retinal size of the I-circle was, at 
least, a determining variable for 
aftereffect, although it was possible 
that the apparent size was also a 
simultaneous determining factor, as 
Sutherland (59) discussed. 

Concerning the relation between 
figural aftereffects and the laws of 
organization in the Gestalt school, 
Mori and Nagashima (32) performed 
some analyses. They investigated the 
effect of the tridimensional organiza- 
tion of T-figure on the aftereffect. 
Like Luchins and Luchins (29), they 
used as T-figures a complete and sev- 
eral incomplete Necker cubes, and 
measured the change in size of their 
square parts. His results showed that 
a tridimensional organization in a T- 
figure depressed the “‘size’’ effect on 
the T-figure in the cases of a Necker 
cube and other cubic figures, but 
such depressive effect was not found 
in noncubic figures in his control ex- 
periments. Mori (31) analyzed the 
effect of ciosure, using triangles and 
circles with various degrees of closure 
as I-figures. The results were not so 
clear-cut, but it could be argued that 
the discontinuous decrease of after- 
effect corresponded to the abrupt 
change in the characteristics of the 
seen figure. 

When two I-objects are presented 
simultaneously, how do their after- 
effects interact? To answer this ques- 
tion, Ikeda (14) and Oyama (53) per- 
formed some experimental analyses. 
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In Ikeda’s experiment, aftereffects of 
two I-circles upon one T-circle were 
examined; and in Oyama’s experi- 
aftereffects of two Il-circles 
T-circles were analyzed. 
algebraic 


ment, 
upon two 
Their results suggested 
summation of aftereffects. 
On the effect of the width of the 
outline of the I-circle, Oyama (52, 
55) conducted some experiments and 
found that “‘size’’ effect slightly in- 
creased as the width increased, while 
Graham (8) did not find any influence 
of the width of the I-line in her ex- 
periments on displacement. 


LUMINANCE, CONTRAST, ILLUMI- 
NANCE, AND COLOR 


As to the influence of the lumi- 
nance of the I-figure upon its after- 
effect, Fujiwara and Obonai (4) found 
that the amount of “‘size’’ effect in- 
creased with the increase in the lumi- 
nance of the I-figure when a luminous 
stimulus in a dark room was used as 
the I-figure. Yoshida (64) also ob- 
tained the same result in his experi- 
ment in which a gray figure with vari- 
ous reflectance on a black background 
was adopted as the I-figure. 

As to the contrast of a gray I-figure 
to a white background (the luminance 
difference between the I-figure and 
the background), Fujiwara’ and 
Obonai could not find its influence, 
but Yoshida reported that the after- 
effect increased as the contrast in- 
creased and became maximum at the 
highest degree of contrast. The latter 
agrees with Graham's results on the 
displacement effect. Nozawa, in his 
experiment on “curved line”’ effect, 
varied not only the contrast of the I- 
figure but also that of the T-figure, 
and discovered that the aftereffect in- 
creased as the contrast of the I-figure 
increased, but decreased as the con- 
trast of the T-figure increased. It was 
also found by Nozawa that the after- 
effect grew more rapidly during the 


inspection period when the contrast 
of the I-figure was greater. 

When the intensity of illumination 
was changed and the illuminance of 
stimulus field was varied, keeping the 
relative contrast of I- and T-figures 
to their background constant, no 
change in aftereffect could be found 
in Fujiwara and Obonai’s experiment. 
This result agrees with Graham's re- 
sults. 

Takagi and Ishikawa (61) used 
chromatic stimuli as I- and T-objects 
and analyzed the effect of color upon 
figural aftereffects. In their results, 
when the colors of I- and T-objects 
were the same (for instance, they 
were both red or green), considerable 
amount of aftereffect was observed; 
but when their colors were different 
(for instance, the I-object was red 
and T-object was green), the after- 
effect was not so conspicuous. 


SoMmE RELATED EXPERIMENTS 


Gibson's ‘‘adaptation” and Kéhler 
and Wallach’s “‘self-satiation,’’ which 
occur during the prolonged inspec- 
tion of a figure, may be regarded as 
the aftereffect of the I-figure on the 
T-figure which is identical with the 
I-figure. Nozawa (41) and Ikeda and 
Obonai (16) performed experimental 
studies of these phenomena from such 
a point of view. Nozawa found that 
the adaptation to the curved line be- 
came more prominent as its curvature 
increased. Ikeda and Obonai discov- 
ered that, by prolonged inspection, a 
circle came to appear smaller, a curve 
less curved, and the distance between 
two parallel lines became narrower 
and their length shorter. These ef- 
fects increased rapidly at the begin- 
ning and then increased rather gradu- 
ally. 

During the prolonged inspection of 
a figure, some other phenomena are 
observed, as Marks (30) has 
Sakurabayashi (56) in- 


also 
pointed out. 
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dependently discovered this fact. His 
subjects observed, during the pro- 
longed inspection of some rather com- 
plex figures, that the typical sight, 
which appeared at the first stage of 
inspection and obeyed Gestalt laws of 
visual organization, was lost, and 
nontypical and irregular sights ap- 
peared one after another as the in- 
spection period was _ prolonged. 
Oyama’s and Ikeda and Obonai's 
subjects, like Marks’ subjects, also 
reported that the I|-circle came to ap- 
pear like a polygon rather than a cir- 
cle, to be distorted, to make an auto- 
kinetic movement, or to lose a part 
of its outline. 

The fact that the repetition of ad- 
justment of a Miiller-Lyer figure de- 
the amount of illusion has 
been known as the “practice effect” 
since Judd found it at the beginning 
of this century. Recently, Kéhler and 
Fishback (27, 28) asserted that this 
fact could be explained by “‘satia- 
tion" just as figural aftereffects could 


creases 


be. Azuma (1) examined this prob- 
lem and concluded from his experi- 


results that the careful ob- 
servation of every part of the illusion 
figure was as effective in decreasing 
the amount of illusion as the repeated 
adjustment, but that the presence of 
“the pattern of satiation,”’ mentioned 
in the Kéhler-Fishback theory, might 
not always be the necessary condition 
nor the satisfactory for 
bringing the effect. 

If, prior to the observation of the 
figure-ground reversible patterns or 
the reversible perspective patterns, 
the figure which corresponds to one 


mental 


condition 
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of the two shapes involved in these 
patterns has been inspected for a 
long time, the other shape becomes 
dominant for a while. This kind of 
aftereffect was discovered by Hoch- 
berg (12) and Oyama (50) independ- 
ently. Kakizaki (21, 22) found a sim- 
ilar effect in the binocular rivalry, 
and suggested the importance of fig- 
ure-relationship besides the eye-rela- 
tionship between the preceding situa- 
tion and the test situation. 


SUMMARY 


Many experimental studies on fig- 
ural aftereffects in Japan were re- 
viewed under several topics: Gibson's 
“curved line” effect; Kéhler and Wal- 
lach’'s “‘size’”’ effect; “‘displacement”’ 
effect and ‘“‘field strength’’; temporal 
factors; some other spatial factors; 
luminance, contrast, illuminance, and 
color; and some related experiments. 
Concerning some typical experimental 
situations, the effects of spatial and 
temporal variables were analyzed 
quantitatively, and some mathemati- 
cal functions to relate these variables 
to the amount of aftereffects were ex- 
amined. Size ratio of the I-object to 
the T-object, the duration of inspec- 
tion period, and the time interval be- 
tween inspection and test period were 
found to be important parameters in 
figural aftereffects. It was indicated 
that the assimilation-contrast illu- 
sion and the tau effect had close kin- 
ship to figural aftereffects. The influ- 
ence of some other stimulus factors 
and experiments on some related phe- 
nomena were also reviewed. 
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At one time it was an accepted dic- 
tum in the field of verbal learning 
that attaching a new response to an 
old stimulus, according to the A-B 
...A-K paradigm, would lead to 
negative transfer. About 15 years 
ago a number of experiments began 
to be reported in which the same 
paradigm was used to produce posi- 
tive transfer. The main characteristic 
of these new studies was the fact that 
the two sets of responses were suf- 
ficiently different that there was es- 
sentially no generalization between 
them: neither incompatibility nor 
facilitation. It was hypothesized that 
the pretraining “predifferentiated”’ 
the stimuli so that they were more 
“‘distinctive,"’ or less ‘‘confusing.”’ 
In recent years a substantial number 
of experiments have been devoted to 
this problem of stimulus prediffer- 
entiation; many potentially relevant 
variables have investigated, 
some methodological improvements 
have been suggested and incorporated 
into later studies, and a number of 
hypotheses have been offered to ac- 
count for the positive transfer ob- 
tained under these conditions. 

Recently the writer surveyed a 
number of articles and dissertations 
on the topic of stimulus prediffer- 


been 
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entiation in an attempt to discover 
what generalizations could be made 
from frequently conflicting results, 
and what be found 
for or against the various explana- 
tory hypotheses. The results of this 
effort are incorporated in the first 
this paper. In the 
third section some suggestions are 
made concerning additional varia- 
bles, the consideration of which might 


evidence could 


two sections of 


contribute to clearing up some of the 
ambiguities which presently exist. It 
should be emphasized that an at- 
tempt was made to limit the survey 
to those studies which conformed 
strictly to the stimulus predifferentia- 
tion paradigm, and it is believed that 
the survey is fairly complete within 
that area. Likewise, in the interests of 
brevity, the writer has sternly re- 
sisted the temptation to discuss the 
various issues in the larger context of 
transfer of training, although in many 
cases such an extension would be rele- 
vant. For these reasons it is hoped 
that the reader will use the conclu- 
recommendations of this 
paper as a guide to the literature 
rather than as a substitute for it. 


sions and 


GENERALIZATIONS 


The survey indicated that there is 
enough agreement in results among 
the various experiments to provide 
generalizable conclusions in two broad 
areas. One of these has to do with the 
kind of verbal pretraining given, and 
the other concerns the amount of 
such training. 

The categories of pretraining and 
the results achieved with each kind 
are summarized below, with examples 
of each category given in Table 1. 
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TABLE 1 


EXAMPLES OF Possis_e S-R Patrs Usep DuriInc DirFERENT KINDS OF PREDIFFERENTIATION 
TRAINING WHEN THE TRANSFER TASK INVOLVES MovING A ConTROL UPWARD IN RESPONSE 
tO A Rep Licut AND DOWNWARD IN RESPONSE TO A GREEN LIGHT 


Pretraining 


Kind of Pretraining 
Stimulus 


Red light 
Relevant S-R 
Green light 


Red light 
Relevant S 
Green light 


Bright light 
Irrelevant S 
Dim light 


Red light 
Attention 
Green light 


No pretraining None 


lhe terminology is, in part, that sug- 


gested by McAllister (28). 


Categories of Pretraining 


Relevant S-R. In this type of pre- 
training the stimuli used for the pre- 
training task are identical to those 
the transfer task, and the 
responses used in the pretraining task 
are somehow S\) mbolic of, or bear a 
the re- 
task. 


used in 


sign-significate relation 
in the 


to, 


sponses used transfer 


Strictly speaking, this type of pre- 
training is used in the classical ‘‘trans- 
fer of training” 


studies and should 
not be considered an example of stim- 
ulus predifferentiation. Stimulus pre- 
differentiation is usually character- 
ized by the fact that the responses 
used in pretraining and in the trans- 
fer task are completely independent 
of one another, whereas in Relevant 
S-R training the kind of transfer ob- 
tained depends greatly upon the re- 


I ransfer Task 


Verbal 


Response 


Motor 


Stimulus Response 


“Up” Red light Up 


“Down” Green light Down 


“Cow’ 


Same as above 


“Horse” 


“Cow’ 


Same as above 


“Horse’ 


None 


Same as above 


None 


Same as above 


lationship which exists between the 
two sets of responses. This type of 
pretraining has been used, however, 
in studies which derived their ration- 
ale from the predifferentiation hy- 
pothesis (7, 10, 12, 28). In 
cases in which it has been used, Rele- 
vant S-R training has proved to be 
equal or superior to any other kind of 
verbal pretraining. 

Relevant S. In this type of pre- 
training the stimuli used are identical 
to the ones used in the transfer task, 
but the responses are completely dif- 
ferent from those used in the transfer 
task (1, 3, 8, 10, 11, 12, 13, 14, 15, 16, 
17, 21, 25, 28, 34, 36). This is the 
kind of pretraining specified, for ex- 
ample, in the predifferentiation hy- 
potheses of Gibson (18) and of Miller 
and Dollard (29). In most of the 
studies in which Relevant-S_pre- 
training was compared with some 
other type of pretraining, the experi- 


those 
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mental group performed better on the 
transfer task than a group given no 
pretraining or a group given any 
other kind of pretraining, except di- 
rected attention (see below). Battig, 
however, has shown that the effec- 
tiveness of Relevant-S training de- 
creases as task complexity increases 
(10). 

Irrelevant S. This type of pretrain- 
ing is most often given in order to ob- 
tain a control group having the same 
‘performance the experi- 
mental group. The stimuli used in 
the pretraining task are different 
from those used in the transfer task 
but are equated with them in diffi- 
culty. In none of the experiments sur- 
veyed was the performance of the 
Irrelevant-S group on the transfer 
task superior to the performances of 


set’’ as 


groups given training in attention or 
given no pretraining at all (1, 8, 13, 
14, 15, 17, 28). 

Attention. In this type of training, 
S is not required to make any sort of 
overt differential the 
stimuli during the pretraining period, 
in the sense of learning “labels” for 
them. He is required, however, by 
instructions or some other means to 
attend 


responses to 


to the distinctive character- 
the stimuli. This type of 
training was consistently superior to 
Irrelevant-S training. It was as effec- 
tive as Relevant-S training in 50 per 


istics of 


cent of cases in which they could be 
directly compared (3, 11, 12, 13, 21, 
25, 34, 36). 

No pretraining. This group starts 
on the transfer task without any pre- 
vious experience in the experimental 
situation. 
control 


In general, this type of 
unsatisfactory in 
that there is no control for the factors 
of performance set or attention 

A summary of the results obtained 
in experiments in which various kinds 
of predifferentiation 


group 1s 


training were 


given indicates that the following 
generalizations may be made: (a) 
Relevant S-R training (if it can be 
accepted as falling into the category 
of stimulus predifferentiation) is the 
most effective form of verbal pre- 
training; (b) Relevant-S pretraining 
is, in most cases, more effective than 
any pretraining method except Rele- 
vant S-R training; (c) /rrelevant-S, or 
performance set, pretraining is usu- 
ally poorer than other pretraining 
methods; and (d) Directed Attention 
pretraining is often as effective as 
Relevant-S pretraining. 


Amount of Predifferentiation 1 raining 


Of the studies included in the sur- 
vey, the following were 
with varying the amount of predif- 
ferentiation training: Arnoult (3), 
Baker and Wylie (7), Baldwin (8), 
J. H. Cantor (14), Gagné and Baker 
(16), Goss (21), and and 
Goss (35). The results of these ex- 
periments are summarized in Table 2. 
In order to facilitate comparisons 


cone erned 


Rossman 


among the experiments, the number 
of pretraining trials reported has 
been expressed as the number of ex- 
periences S had with each stimulus. 

These results may be summarized, 
perhaps, by the following generaliza- 
tion: Positive transfer stimulus 
predifferentiation training may he ex- 
pected after a minimum of 4 to 8 pre- 
training trials and reaches a maximum 
after 8 to 12 pretraining trials. Sup- 
port for this generalization may be 
found in the recent experiment by 
Arnoult (3). Using a transfer task 
(shape recognition) which was quite 
different from those used in the other 


from 


experiments cited above, he meas- 
ured two levels of achievement on the 
transfer the 
number of pretraining trials. The 


curves obtained were monotonic, neg- 


task as a function of 


atively accelerated functions which 
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TABLE 2 
'MMARY OF EXPERIMENTS IN WHICH AMOUNT OF PRETRAINING WAS VARIED 


Greater Number 
of Trials 
Produced More 
Positive Transfer 


“xperiment Comparison 


Baker and Wylie (7) . 0 trials No 


0 trials Yes 


2 trials 
8 trials 
Gagné and Baker (16) 2 trials vs. 0 trials No 
4 trials vs. 0 trials Sometimes 
8 trials vs. 0 trials Yes 


Rossman and Goss (35) 4 trials vs. 1 trial No 


Arnoult (3) 
Baldwin (8) 
(,08s8 (21) 

Cantor (14) 


(5-15) trials vs. (1-4 trials) 
24 trials vs. 6 trials No 
20 (avg.) trials vs. 12 (avg.) trials No 
24 trials vs. 12 trials No 


Yes 


72 trials vs. 12 trials No 


rose rapidly and tended to level off in 
the vicinity of 8 to 10 pretraining 
trials 


HYPOTHESES 


The next step in surveying the data 
on stimulus predifferentiation was to 
examine the implications of the re- 
sults summarized above with respect 
to the various hypotheses which have 


been offered to account for the posi- 
tive transfer obtained from predif- 
ferentiation training. 


These hypotheses can be grouped 
more or less adequately into five cate- 
gories which have been labeled as fol- 
lows: (a) acquired distinctiveness of 
cues; (6) reduction in intralist gen- 
eralization; (c) increased meaningful- 
ness; (d) attention to cues; and (e) 
performance set. Each of these hy- 
potheses was examined in turn in an 
attempt to weigh the evidence for 
and against it. It should be remem- 
bered that any experiment in which 
positive transfer was obtained can be 
considered as supporting whatever 
hypothesis the experimenter used as 
a starting point. Consequently, only 
those studies were considered in 
which two or more hypotheses were 


directly compared, or in which a test 
was made of a deduction from one of 
the hypotheses. 

Acquired distinctiveness of 
This hypothesis was formulated by 
Miller and Dollard (29) and states 
that 


cues. 


... learning to respond with highly distinctive 
names to similar stimulus situations should 
tend to lessen the generalization of other re- 
sponses from one of these situations to another 
since the stimuli produced by responding with 
the distinctive name will tend to increase the 
difference in the stimulus patterns of the two 
situations (30, p. 174). 


The increase in differentiation which 
results from this process is called the 
acquired distinctiveness of cues. Mil- 
ler and Dollard further hypothesize 
that removal of the verbal responses 
by repression . will remove the 
basis for acquired distinctiveness and 
increase the amount of primary gen- 
eralization’’ (30, p. 174). 

The first part of the Miller-Dollard 
hypothesis implies that the amount 
of positive transfer resulting from 
verbal predifferentiation training will 
be a function of the degree to which 
the stimulus items are clearly dif- 
ferentiated during that training. One 
way in which the degree of differenti- 
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ation may be varied is by varying the 
specificity of the verbal labels at- 
tached to the stimuli. Hake and 
Eriksen (22) required their Ss to 
learn 2, 4, or 8 labels for 16 different 
stimuli. Following this training they 
were required to relearn to discrim- 
inate among the stimuli using 2, 4, or 
8 new labels. All possible combina- 
tions of these conditions were investi- 
gated. The results showed that the 
specificity of the labels affected the 
speed of learning in both the pre- 
training and the transfer task, but 
that the speed of learning in the 
transfer task was independent of the 
number of labels which had been used 
durnng pretraining. Likewise, Robin- 
son (34) found that the specificity of 
the labels used during paired-associ- 
ate pretraining did not affect per- 
formance on a transfer task which 
required S to make same-different 
discriminations among the stimuli; 


and, in a second experiment, Hake 


and Eriksen found that label speci- 
ficity did not affect subsequent rec- 
ognition of forms (23). Thus it would 
appear that, while the Miller-Dollard 
hypothesis of acquired distinctiveness 
of cues seems eminently reasonable, 
the only available tests of a deduc- 
tion from the hypothesis fail com- 
pletely to support it. 

Only one of the experiments cov- 
ered by this survey included an at- 
tempt to test that part of the Miller- 
Dollard hypothesis dealing with the 
effects of repression. Rossman and 
Goss (35) had Ss learn to associate 
nonsense shapes with nonsense sylla- 
bles to a criterion of mastery. One 
group was then given a single postcri- 
terion trial on which electric shock 
was administered with every re- 
sponse. It was assumed that this 
noxious accompaniment to the re- 
sponse would lead to repression of 
the newly acquired associations. 
When these Ss were compared on the 
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transfer task with Ss who had re- 
ceived a normal postcriterion trial, 
no difference in performance was de- 
tected. The extent to which these re- 
sults can be considered as harmful to 
the Miller-Dollard repression hy- 
pothesis depends, of course, on the ex- 
tent to which one is willing to assume 
that the noxious stimulus was ade- 
quate for the purpose. 

Reduction in intralist generalization. 
In 1940, E. J. Gibson formulated the 
following hypothesis (18, p. 222): 
“If differentiation has been set up 
within a list, less generalization will 
occur in learning a new list which in- 
cludes the same stimulus items paired 
with different responses; and the 
trials required to learn the new list 
will tend to be reduced by a reduction 
of the internal generalization."’ The 
amount of the predicted transfer 
would be maximally positive in the 
case where there was a minimum of 
interlist response generalization. This 
hypothesis is very similar to the Mil- 
ler-Dollard hypothesis and would 
lead to the same predictions with re- 
gard to the transfer of predifferentia- 
tion training. Gibson further hy- 
pothesized, however, that ‘‘General- 
ization will increase to a maximum or 
peak during the early stages of prac- 
tice with a list, after which it will de- 
crease as practice is continued” (18, 
p. 206). A subsequent experiment 
produced results confirming this pre- 
diction (19). It can be argued, then, 
that if paired-associate pretraining 
produces an initial increase in the 
tendency to confuse the stimulus 
items, followed by a decrease, then 
the transfer of such training should 
be negative after just a few trials, 
then positive as the number of pre- 
training trials increases. Gagné and 
Baker (16) found no difference in the 
amount of transfer after two or four 
pretraining trials, and Rossman and 
Goss (35) found one and four trials 
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to be equivalent with respect to the 
amount of transfer obtained (see 
Table 2). It should be pointed out 
that in the Gagné and Baker experi- 
ment neither of these experimental 
groups was consistently superior to a 
group receiving no pretraining at all, 
whereas in the Rossman and Goss ex- 
periment a zero-practice control 
group was not included. As was the 
with the Miller-Dollard hy- 
pothesis discussed earlier, it would 
appear that, while the primary pre- 
differentiation hypothesis has been 
supported by many experiments, at- 
tempts to test a specific deduction 
from the main hypothesis 
yielded negative results. 

Increased meaningfulness. Some 
writers have considered the possibil- 
ity that the positive transfer from 
predifferentiation training is primar- 
ily due to an increase in meaningful- 
ness of the stimuli as a result of hav- 
ing new responses associated with 
them. Arnoult has suggested, for ex- 
ample, the following: 


case 


have 


If meaningfulness is measured in terms of 
the number of independent associations linked 
with a stimulus item, it would seem reasonable 
that adding a new association to a particular 
stimulus (by  predifferentiation training) 
should make subsequent learning of that stim- 
ulus item easier (1, p. 402). 


This idea is consistent with Noble's 
suggestion that: 

. the procedure of endowing stimuli. with 
the properties of meaningfulness (m) or fa- 
miliarity (f) may constitute one unambiguous 
definition of Thorndikean “identifiability,” 
which in turn may be related to such current 
notions as “‘predifferentiated structure,” “‘dis- 
tinctiveness,”’ “‘cue-value,"’ and “recogniza- 
bility” (32, pp. 96-97). 


idea has also 
Dysinger (15). 
Some support for this hypothesis can 
be found in the experiments surveyed. 
Arnoult (3) found that in at least a 
limited way the amount of positive 
transfer to a recognition task was a 


Essentially the same 


been expressed by 
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function of the meaningfulness of the 
response terms used during paired- 
associate pretraining. McAllister 
(28), likewise, found more positive 
transfer resulting from the use of 
some sorts of response terms than 
others, and the difference may have 
been due to differences in the mean- 
ingfulness of the response terms, On 
the other hand, Campbell and Free- 
man (12) found no relation between 
the meaningfulness of the responses 
used during pretraining and perform- 
ance on a subsequent recognition 
test. A closer examination of the 
Arnoult and McAllister experiments 
suggests, furthermore, that the in- 
crease in meaningfulness occurring in 
both these experiments was not a 
function solely of the ‘‘number of as- 
sociations’’ possessed by the response 
terms themselves, but rather was due 
to the introduction of a factor which 
might be called ‘‘belongingness”’ (37), 
i.e., the introduction of a pre-experi- 
mentally learned relationship — be- 
tween a pair of terms.’ In the first 
case (Arnoult) this type of relation- 
ship existed between the stimuli and 
the responses used during pretrain- 
ing, and in the second case (Mc- 
Allister) it existed between the two 
sets of responses. While it is not un- 
reasonable that increasing the mean- 
ingfulness of the response terms used 
during pretraining might enhance the 
effect of verbal pretraining, it ap- 
pears doubtful that this factor alone 
will account for all of the positive 
transfer obtained from predifferenti- 
ation training. 


Attention to cues. The results ob- 


* For example, consider the four responses 
kitchen, furry, Persian, and feline. In terms 
of conventional measures of “meaningful- 
ness"’ (31), these terms (considered by them- 
selves) are probably arranged in descending 
order, i.e., they would elicit successively fewer 
associations. They are in ascending order, 
however, in terms of their “‘belongingness”’ to 
the stimulus word cat. 
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tained by Hake and Eriksen in the 
discrimination learning study in which 
response-specificity was varied led 
them to conclude: 

The results appear to us to emphasize the 
importance of the general labeling process 
rather than factors related to the particular 
labels used. We may judge from our results 
and from others that the perceptual gain re- 
sulting from labeling practice appears to occur 
as long as Ss have a decision to make about 
the stimuli on each trial. The labeling task 
given to our Ss seems merely to have provided 
a context which defined an objective for them 
(22, pp. 166-167). 


Similarly, Robinson suggested that 
the critical features of the pretraining 
were (a) attention to the stimuli and 
(b) active search for identifying fea- 
tures. He concluded that his results 
demonstrated that “ .. . the learning 
of the arbitrary names for the... 
[stimuli]. ..did not produce any 


further change in stimulus discrim- 
inability” (34, p. 114). Those experi- 
ments which have included specific 


training methods based on directed 
attention to critical cues have, how- 
ever, yielded ambiguous results. 
Campbell and Freeman (12), Robin- 
son (34), and Smith and Goss (36) 
found this type of training to be as 
effective as standard verbal paired- 
associate training. G. N. Cantor (13) 
and Goss (21), on the other hand, 
found it to be less effective. Arnoult 
(3) and Kurtz and Hovland (25) ob- 
tained ambiguous results. In none of 
these experiments, however, was an 
attempt made to discover the extent 
to which Ss may have provided labels 
of their own invention during the pre- 
training procedure. It will probably 
not be possible to evaluate this type 
of training method adequately until 
measures of this factor are included 
as part of the data in experiments us- 
ing directed-attention training. 
Performance set. Recently experi- 
menters in this area have been con- 
cerned that the positive transfer ob- 
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tained in predifferentiation experi- 
ments might, at least in part, be due 
to the transfer of such general factors 
as “warm-up” or “learning-how-to- 
learn.’’ The term “performance set” 
is used here to designate all such fac- 
tors. In general, concern over factors 
of this sort has been evidenced by the 
inclusion of special control groups 
which provide the possibility of meas- 
uring their effect. Most often the 
training of these groups is of the Ir- 
relevant-S sort, although occasionally 
simple familiarization training has 
been used. The results appear to be 
unequivocal. In every case in which 
this type of training has been com- 
pared with verbal paired-associates 
training of the Relevant-S type it has 
yielded significantly less transfer. 
J. H. Cantor (14) and Smith and 
Goss (36) found it to be equivalent to 
no pretraining at all. It seems clear 
that transfer of predifferentiation 
cannot be accounted for in terms of 
general factors of this sort. 
Summarizing the evidence for and 
against the various hypotheses which 
have been offered to account for the 
transfer of predifferentiation training 
leads to the following conclusions: 
(a) The acquired distinctiveness of cues 
and reduction of intralist generaliza- 
tion hypotheses imply, in general, the 
same kinds of operations and lead to 
the same kinds of predictions. Spe- 
cific tests of deductions from these 
hypotheses have failed, however, to 
receive any experimental 
(6) In its simplest form the increased 
meaningfulness hypothesis is 
operationaily equivalent to the first 
two in that the increased meaningful- 
ness of the stimulus is presumed to re- 
sult from the acquisition of a label 
(association). It is a corollary of this 
hypothesis that an increase in posi- 
tive transfer should result from in- 
creasing the meaningfulness of the 
label itself. This corollary has not re- 


support. 


also 
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ceived unequivocal experimental sup- 
port. (c) All three of the foregoing 
hypotheses may logically be com- 
pared with the attention to cues hy- 
pothesis, which states that the learn- 
ing of a verbal label is not an essential 
part of the predifferentiation process. 
This sort of comparison may prop- 
erly be made only if some control is 
effected over the tendency for Ss to 
provide labels of their own choosing 
during the pretraining session. (d) 
On the basis of the experimental evi- 
dence available the transfer of predif- 
ferentiation training cannot be ac- 
counted for on the basis of transfer of 
general factors such as ‘‘warm-up” or 
“learning-how-to-learn.”’ 


OTHER CONSIDERATIONS 


The primary conclusion to be de- 
rived from this survey of experiments 
on the transfer of predifferentiation 
training is that the hypotheses which 
have so far been offered to account 
for the transfer phenomenon are all 


unsatisfactory. They all appear to be 
stated in testable terms; yet, with one 
exception, there seems to be no ex- 
perimental basis for choosing among 


them. When a reproducible effect, 
such as the production of positive 
transfer through predifferentiation 
training, can be accounted for on the 
basis of a variety of equally plausible 
hypotheses, it is likely that all of the 
hypotheses are dealing with super- 
ficial aspects of the situation. It be- 
comes necessary, then, to re-examine 
the whole problem to determine 
wherein we have failed to discern the 
crucial factors, to manipulate the 
most relevant variables, and to or- 
ganize our thinking along the most 
appropriate conceptual dimensions. 
We must determine whether the 
superficiality of our thinking is due 
to a failure of observation or of defini- 
tion. 

With these objectives in mind, let 
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us examine once again the various 
hypotheses now current. Three of 
the four remaining hypotheses may 
be discussed together: acquired dis- 
tinctiveness of cues, reduction in in- 
tralist generalization, and attention to 
cues. The first question we may ask 
of these hypotheses is: What is a 
cue? It is strongly implied that the 
word cue refers to a stimulus charac- 
teristic which may be independently 
varied. Examination of the experi- 
ments generated by these hypotheses, 
however, reveals that the existence of 
cues is characteristically inferred 
from the fact that learning produces 
more reliablediscrimination responses. 
There is no objection to making such 
an inference, but it can be argued 
that there are more efficient ways of 
investigating the importance of cues 
in learning and transfer. For ex- 
ample, Kurtz (26) recently showed 
that either positive or negative trans- 
fer could be obtained, depending 
upon the presence or absence in the 
transfer task stimuli of the particular 
cues which had provided the basis for 
discrimination during the pretrain- 
ing. Kurtz used two-dimensional 
forms as his stimuli, and it is not too 
difficult to manipulate cues objec- 
tively in stimuli of this sort. What, 
though, is a cue when the stimulus is 
verbal? Is the cue a letter, a pattern 
of letters, a sound, or perhaps the 
connotations of the verbal symbol? 
Any or all of these may be cues, and 
some experimenters have used these 
definitions explicitly while others 
have failed to specify which defini- 
tion was being used. Needless to say, 
we cannot determine whether any 
“cue” has acquired distinctiveness 
unless we know precisely what is 
meant by a cue. 

An examination of the concept of 
distinctiveness”’ (a term which Gib- 
son [19] has also used in connection 
with reduction in intralist generaliza- 
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tion) leads to many of the same ques- 
tions. Acquired distinctiveness can 
be inferred from positive transfer or 
from a reduction in intralist errors, 
but it is potentially a more powerful 
explanatory concept when measured 
independently of the phenomenon it 
is designed to explain. The writer has 
previously pointed out (1, 3) that dis- 
tinctiveness is a stimulus attribute 
which can be measured by psycho- 
physical methods, and that an in- 
crease in distinctiveness should be ac- 
companied by a change in the thresh- 
old for discrimination. It has been 
shown that an increase in distinctive- 
ness (in this sense) follows upon ver- 
bal paired-associates training when 
the perceptual test is one of delayed 
recognition (3) but not when the test 
is one of same—different discrimina- 
tion (1). These results imply that the 
acquired distinctiveness affects not 
the perception of the stimulus but 
the memory of it, which is consistent 
with the results obtained by Law- 
rence and Coles (27). 

As before, it is easier to discuss 
these concepts in connection with 
form stimuli than in connection with 
verbal stimuli. It is hard to imagine 
the ways in which a verbal stimulus 
becomes more distinctive until it is 
decided what the cues for recognition 
are. Likewise, the usefulness of an 
explanation based upon attention to 
cues will be slight until it is possible 
to specify more adequately what at- 
tention is and to make some guesses 
about how it operates to facilitate 
recognition or memory. 

The hypothesis that transfer of 
predifferentiation training results 
from increasing the meaningfulness 
of the stimuli derives essentially from 
the core-context theory of meaning 
and has not had the sort of formal 
theoretical development that exists 
for the more behavioristic hypotheses 
of Miller and Dollard (29) and Gib- 
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son (18). No mechanism for accomp- 
lishing the transfer has been postu- 
lated beyond the simple assumption 
that more meaningful stimuli are 
more easily learned and more easily 
remembered. Even within this simple 
conceptualization, however, there re- 
main many unanswered questions. 
What, precisely, is meant by the 
meaningfulness of a stimulus? At- 
tempts have been made to quantify 
the meaningfulness of verbal ma- 
terials (Glaze, [20], Noble [31]), and 
attempts are currently in progress to 
develop meaningfulness for 
nonsense forms, but it remains ques- 
tionable whether these measures so 
far developed will be adequate to ac- 
count for predifferentiation transfer. 
What are the differential effects on 
learning of stimulus meaning and re- 
sponse meaning, when meaning is de- 
fined as the number, intensity, or 
latency of associations? And, par- 
enthetically, are these three defini- 
tions of meaning equivalent? What 
would be the effect on transfer of re- 
quiring S to learn several responses 
to each stimulus, each to a partial cri- 
terion; would this be as effective as 
learning one response thoroughly? 
What is the relation between mean- 
ingfulness, defined by the associations 
elicited by a single term, such as a 
stimulus or a response, and belonging- 
ness, defined as an existing connota- 
tive or denotative relationship be- 
tween a pair of terms either stimuli, 
responses, or both? Are these equiva- 
lent with respect to their effect on 
transfer? Most of these questions are 
susceptible to experimental test on 
the basis of concepts presently avail- 
able, but it is the writer's belief that 
no real understanding of them will be 
achieved until the whole problem of 
meaning has been more satisfactorily 
resolved. 

The foregoing discussion does not 
nearly exhaust the questions which 
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could be asked concerning the hy- 
potheses which have so far been pro- 
posed, but they should indicate that 
all these hypotheses have described 
the stimulus-response situation in 
terms which are superficially plausi- 
ble but which are not easily quanti- 
fied or, in some cases, even operation- 
ally specifiable. To state the case in 
the most obvious terms, stimuli are 
not usually simple events which can 
be described as “‘lights,"’ ‘“‘forms,’’ or 
“words,” nor can responses be de- 
scribed in terms equally simple. 
Stimuli and responses are not inde- 
pendent entities which can be ade- 
quately described solely in terms of 
themselves, but rather they are al- 
ways members of a class whose size 
and class-characteristics are a func- 
tion of the total experience of the in- 
dividual subject. Naturally, psychol- 
ogy cannot hope to deal with the 
total apperceptive mass of each sub- 
ject in relation to each stimulus and 
each response, and usually it is not 
necessary to do so. 


It is possible, 
however, to deal with smaller classes 


which are highly relevant. For ex- 
ample, in an experiment on paired- 
associates learning the stimuli and 
responses to be learned constitute im- 
portant classes, and the individual 
items derive important attributes 
from the fact that they are members 
of these classes. 

A recent experiment by Attneave 
(6) provides an excellent demonstra- 
tion of this principle. He was inter- 
ested in investigating the “‘schema” 
hypothesis, which has been proposed 
by Bartlett (9), Oldfield (33), Wood- 
worth (38), Hebb (24), and others. 
Attneave required a group of Ss to 
draw repeatedly from memory a pro- 
totype nonsense form; he then re- 
quired them to learn differential re- 
sponses to a set of nonsense forms 
which were random variations on the 
prototype. The group which had 
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practiced drawing the prototype, 
which was a “mean” of the varia- 
tions, was significantly better at the 
paired-associates learning task than 
was a group which had practiced on 
an irrelevant form. The results were 
interpreted as showing that the mem- 
ory of the prototype had served as a 
“schema” about which the variations 
might be organized and learned. 

The results obtained in this experi- 
ment are similar to those obtained in 
usual predifferentiation experiments, 
but the kind of pretraining used was 
wholly different. These results can- 
not be accounted for by any of the 
hypotheses so far discussed because 
no formal predifferentiation of the 
stimuli was involved. They pose a 
problem not only for predifferentia- 
tion hypotheses but also for all cur- 
rent conceptualizations about trans- 
fer of training. 

Attneave suggests that schema 
learning is always involved in predif- 
ferentiation training. In the course 
of the pretraining the subject learns 
at least three things about the class 
of stimuli within which differentia- 
tions are being made: (a) the central 
tendency of the class; (6) how its 
members may differ from 
other; and (c) the dispersion of the 
class—i.e., how much its members 
may differ from one another on the 
several dimensions of variability. 
While many other things about the 
stimuli are undoubtedly also learned, 
these three class parameters together 
form the ‘“‘schema”’ to which the in- 
dividual stimuli are related. 

Looking at the problem of predif- 
ferentiation training (and the whole 
problem of transfer of training) from 
this point of view leads to an experi- 
mental program somewhat different 
from that which has existed up to 
now. The primary requirement for 
such a view is that a thorough knowl- 
edge of the stimulus be available. 


one an- 





STIMULUS PREDIFFERENTIATION 


The discriminable attributes of the 
stimulus must be quantitatively re- 
lated both to its physical structure 
and to various experiential factors. 
Research of this sort is already in 
progress on both verbal (31) and non- 
verbal (2, 5) materials. When it is 
possible to describe stimuli in these 
terms it will be possible to manipu- 
late the conditions of an experiment 
in such a way that the specific factors 
responsible for transfer can be identi- 
fied. 

It is not necessarily true that the 
kinds of hypotheses generated by ex- 
periments of this sort will be very dif- 
ferent from the kinds currently avail- 
able. The difference will be that the 
sorts of hypothetical constructs and 
intervening variables which will be 
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formulated will be based on detailed 
knowledge of the functional relation- 
ships between the discriminable stim- 
ulus attributes, on the one hand, and 
structural and experiential factors on 
the other. The fact that it is some- 
what easier to obtain such functional 
relationships in the case of nonverbal 
than of verbal stimuli (4) suggests 
that nonsense forms may come to be 
preferred over nonsense syllables as 
the ideal stimuli for transfer studies. 
In any case, it is the thesis of this dis- 
cussion that more satisfactory hy- 
potheses to account for transfer ef- 
fects will be developed only when it 
becomes possible to give a more ade- 
quate quantitative description of the 
stimulus. 
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could be asked concerning the hy- 
potheses which have so far been pro- 
posed, but they should indicate that 
all these hypotheses have described 
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an irrelevant form. The results were 
interpreted as showing that the mem- 
ory of the prototype had served as a 
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might be organized and learned. 

The results obtained in this experi- 
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no formal predifferentiation of the 
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mental program somewhat different 
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now. The primary requirement for 
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progress on both verbal (31) and non- 
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possible to describe stimuli in these 
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in such a way that the specific factors 
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kinds of hypotheses generated by ex- 
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ferent from the kinds currently avail- 
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formulated will be based on detailed 
knowledge of the functional relation- 
ships between the discriminable stim- 
ulus attributes, on the one hand, and 
structural and experiential factors on 
the other. The fact that it is some- 
what easier to obtain such functional 
relationships in the case of nonverbal 
than of verbal stimuli (4) suggests 
that nonsense forms may come to be 
preferred over nonsense syllables as 
the ideal stimuli for transfer studies. 
In any case, it is the thesis of this dis- 
cussion that more satisfactory hy- 
potheses to account for transfer ef- 
fects will be developed only when it 
becomes possible to give a more ade- 
quate quantitative description of the 
stimulus. 
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ONE-TAILED TESTS 
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Examination of the recent litera- 
ture on the question of when to use 
one-tailed tests of significance in psy- 
chological research reveals a state of 
unresolved disagreement. A variety 
of differing opinions (1, 2, 5, 7, 8, 9, 
10, pp. 62-63) have been presented, 
ranging from Burke's (2) exhortation 
that psychologists should never re- 
port one-tailed tests in the public 
literature to Jones’ (8) statement that 
we may not only do so, but, in certain 
instances, we will be in error if we fail 
to do so. 

It is by no means necessary for 
psychologists to agree on all matters 
of importance to them. Disagree- 
ment regarding methodological con- 
siderations, however, especially when 
they bear on how and when proposi- 
tions shall be accepted as true or re- 
jected as false, should not be per- 
mitted to persist indefinitely. The 
argument is not settled by noting, as 
Burke (2) does, that the increased 
use of one-tailed tests may result in 


the one-tailers scoring a sociological 


victory almost before the controversy 
has begun. Actually, this observa- 
tion by Burke does not coincide com- 
pletely with the fact that many re- 
sponsible investigators have contin- 
ued to employ two-tailed tests (in 
situations calling for one-tailed tests 
according to Jones’ view) long after 
the opening of the one-tailed avenue.! 


1 An example of an experiment with an 
explicit directional hypothesis, but employing 
a Jwo-tailed test, is reported by Davitz (3). 
This experimenter reasoned that the injection 
of tetraethylammonium prior to extinction 
trials would inhibit the punishing effect of 
the emotional response under study and, 
consequently, would result in faster extinction 
in the experimental animals than in a placebo- 
injected control group. Instead, Davitz found 


In attempting to arrive at a set of 
acceptable criteria for the use of one- 
tailed tests, it is important to note 
that the argument is not one of math- 
ematical statistics but primarily one 
of experimental logic. Burke and 
Jones would agree that one-tailed 
tests should be used to test one-tailed 
hypotheses; their disagreement con- 
cerns when one-tailed hypotheses 
should and should not be made. 

Before proceeding to the proposed 
criteria, it would be of value to con- 
sider the difference between one- and 
two-tailed hypotheses from a view- 
point that has not been stressed by 
previous writers. All concerned agree 
that a given mean difference in the 
hypothesized direction is “‘more sig- 
nificant’ under a one-tailed hy- 
pothesis (in the correct direction) 
than under a two-tailed hypothesis. 
This is due to the fact that there are 
exactly twice as many chances of 


that the experimental group extinguished 
slower than the control group, the difference in 
mean number of trials being significant at the 
5 per cent level using a two-tailed test. A 
one-tailed hypothesis in this experiment (as 
would have been urged by Jones) would have 
made it impossible to evaluate the significance 
of the obtained difference. A study by Hil- 
gard et al. (6), on the other hand, stated a 
one-tailed hypothesis in a situation in which 
a difference in the unpredicted direction 
could have been predicted with as much 
justification on the basis of previous work. 
They obtained a difference in their predicted 
direction that was significant at the 5 per 
cent level using a one-tailed test. Their rejec- 
tion of the null hypothesis on the basis of the 
difference they obtained is the equivalent of 
loosening the conventional 5 and 1 per cent 
standards. 

2 That is to say, by chance, the unidirec- 
tional event is half as probable as the bidi- 
rectional; thus its occurrence, being half as 
likely, is twice as significant. 
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committing a type 1 error, with a 
given mean difference, under a two- 
tailed hypothesis. The important 
consideration is that this gain does 
not accrue without concomitant loss. 
Even psychology has its law of con- 
servation of energy. 

The price that is paid in return for 
the increased power of one-tailed 
tests over two-tailed tests stems from 
the fact that two-tailed null hypoth- 
eses are actually more specific than 
their one-tailed counterparts. A two- 
tailed null hypothesis can be rejected 
by a large observed difference in 
either direction but a one-tailed null 
hypothesis cannot be rejected by a 
difference in the unpredicted direc- 
tion, no matter how large this differ- 
ence may be. This means that an ex- 
perimenter using a one-tailed hy- 
pothesis cannot conclude that an ex- 
treme difference in the unpredicted 
direction is reliably different from 
zero difference. This limitation can- 
not be shrugged off by the comment, 
‘We have no interest in a difference 
Scientists 


in the opposite direction.” 
are interested in empirical fact re- 
gardless of its relationship to their 


preconceptions. 

The meaning of this limitation is 
exemplified even in applied studies; 
e.g., those intended to answer the 
question whether a new product is 
“better” than the current product. 
It would be desirable to be able to 
conclude that the new product is not 
only “not better’ (which is all that 
failure to reject a one-tailed null hy- 
pothesis permits’), but, in fact, 
“‘poorer.’’ The decision not to market 
the proposed new product would fol- 


* As Fisher (4) has pointed out, an experi- 
menter never ‘“‘accepts” the null hypothesis, 
he merely fails to reject it on the basis of his 
data. This is one reason why the null hypothe- 
sis in a particular experiment should be stated 
as specifically as possible 
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low from either conclusion, it is true, 
but the additional information avail- 
able as a result of rejecting a two- 
tailed null hypothesis from the unex- 
pected side could very well indicate 
a course of behavior quite different 
from that indicated by the mere in- 
ability to reject a specific one-tailed 
null hypothesis. 

It is hoped that the following cri- 
teria will be acceptable to psychologi- 
cal investigators as a group and will 
be adopted conventionally as a guide. 
The ultimate consequence of our 
present state of ambiguity on this 
matter can only be confusion and sub- 
sequent retrogression to a more prim- 
itive level of scientific communication 
and understanding. 


CRITERIA FOR THE USE OF ONE- 
TAILED TESTS 


1. Use a one-tailed test when a dif- 
ference in the unpredicted direction, 
while possible, would be psychologi- 
cally meaningless. An example of 
this situation might be found in the 
comparison of experimental and con- 
trol groups on a skilled task for which 
only the experimental group has re- 
ceived appropriate training. The 
experiment would have to be de- 
signed in such a way as to eliminate 
all known conditions that could pro- 
duce opposite results (e.g., not testing 
immediately after training to avoid 
fatigue effects, not testing too long 
after training to avoid memory loss 
effects, etc.). Since a difference in 
the unpredicted direction will have 
been declared beforehand to have no 
possible meaning (in terms of previ- 
ous data and present operations) one- 
tailed hypotheses could not undergo 
metamorphosis into two-tailed hy- 
potheses to permit testing the signifi- 
cance of differences in the unpre- 
dicted direction. 

2. Use a one-tailed test when re- 
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sults in the unpredicted direction 
will, under no conditions, be used to 
determine a course of behavior dif- 
ferent in any way from that deter- 
mined by no difference at all. This 
situation is exemplified by the applied 
study discussed above, in which a 
new product is compared with one 
already on the market. 

3. Use a one-tailed test when a 
directional hypothesis is deducible 
from psychological theory but results 
in the opposite direction are not de- 
ducible from coexisting psychological 
theory. If results in the opposite di- 
rection are explainable in terms of the 
constructs of existing theory, no mat- 
ter how divergent from the experi- 
menter’s theoretical orientation this 
theory may be, the statistical hy- 
pothesis must be stated in a way that 
permits evaluation of opposite re- 
sults. If this criterion were not al- 
ready implicitly accepted by psy- 
chologists, crucial experiments could 
never be performed. 
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It should be apparent that the 
three criteria stated above are actu- 
ally slightly differing reflections of 
the same underlying precept. Neither 
the ethical nor the logical decisions of 
individual scientists can be prescribed 
beforehand by any set of standards, 
no matter how all-pervasive these 
standards may seem at a given mo- 
ment. The three criteria proposed 
above, however, are offered as tem- 
porary guideposts until such time as 
a new set of temporary criteria super- 
sede them. Proponents of one-tailed 
tests, such as Jones (7, 8), cannot 
complain that the use of these cri- 
teria will reduce the number of one- 
tailed tests to near zero, without ad- 
mitting that these tests have been 
misused in the past. Opponents of 


one-tailed tests, such as Burke (1, 2), 
should welcome this attempt to limit 
the use of one-tailed tests to those in- 
frequent situations provided for by 
the proposed criteria. 
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SLEEP, WAKEFULNESS, AND CONSCIOUSNESS 


NATHANIEL KLEITMAN 
Department of Physiology, University of Chicago 


In Ellingson’s extensive review of 
“Brain Waves and Problems of Psy- 
chology” (7) there is a small section 
devoted to “Sleep and Wakefulness,” 
with a well-considered and meticu- 
lously worded summary of recent 
work on the interrelations between 
the brain-stem reticular formation 
(BSRF) and the cerebral cortex, as 
revealed by EEG studies. This sum- 
mary was criticized by Schmidt (13), 
with particular reference to the fol- 
lowing two statements: “It is clear 
from these results that the BSRF is 
essential to the maintenance of the 
waking state under normal condi- 
tions,” and “Taken together these 
findings indicate that a background 
of maintained activity in the BSRF 
accounts for the maintenance of 
wakefulness, while reduction of its 
activity precipitates a state of somno- 
lence or unconsciousness.’’ Schmidt 
contended that ‘‘various observa- 
tions do not support the notion that 
reduction of activity of the reticular 
formation must result in behavioral 
sleep.” 

What were these ‘“‘various observa- 
tions?”’ They pertained to the effect 
of atropine on the EEG pattern of 
cats, rabbits, and dogs. Among 
others, Bradley and Elkes (4), work- 
ing On unrestrained unanesthetized 
cats, found that “‘Large doses (2 to 3 
mg/kg i.p.) of atropine sulphate 
produced high amplitude waves, in- 
terspersed by bursts of fast activity. 
In general appearance these changes 
resembled the patterns characteristic 
of sleep. They did, however, differ 
from the latter in their failure to show 
a cortical ‘alerting response’ to sen- 
sory stimuli, although the animal 
could, in fact, be roused."’ Rinaldi 
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and Himwich (11) noted that in un- 
anesthetized, but curarized, rabbits, 
after “high doses of atropine, the 
electrocorticogram shows a _ stable 
pattern of sleep that cannot be modi- 
fied by stimulation of any sort. It is 
impossible to produce an alert pat- 
tern and thus desynchronize the 
sleeping potentials.’’ Most signifi- 
cantly, Wikler’s dogs (15), after an 
injection of atropine, ‘were definitely 
‘excited’ and had to be restrained to 
permit recording, at a time when the 
‘sleep patterns’ were evident in the 
EEG tracings. When released, these 
atropinized animals jumped off the 
table and spontaneously returned to 
the animal quarters in the labora- 
tory."" From these atropine effects 
Schmidt concluded that “behavioral 
wakefulness can accompany reduc- 
tion of activity in the BSRF.” This 
conclusion is unjustified, as the 
studies referred to by Schmidt per- 
tained only to the influence of the 
BSRF and the effects of peripheral 
stimulation on the cerebral cortex, 
and not at all on the reduction of ac- 
tivity in the BSRF with respect to 
lower centers. Schmidt summarizes 
his criticism in two sentences: “The 
pharmacological data cited here indi- 
cate inactivity of the BSRF by itself 
is an insufficient condition for the oc- 
currence of and 
quently, sleep and the so-called ‘sleep 
pattern’ are not necessarily. corre- 
lated."’ It would be more appropriate 
for Schmidt to interchange his prem- 
ise and conclusion to read about as 
follows: “Behavioral sleep and the 


sleep” “Conse- 


so-called ‘sleep pattern’ are not nec- 


essarily correlated. Consequently, 
the pharmacological data cited here 
have no bearing on the question 
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whether the activity of the BSRF is 
essential to the maintenance of the 
waking state.”’ 

What prompts me to reopen this 
discussion is not so much Schmidt's 
criticisms, which appear to be a result 
of confusion over the operation of the 
BSRF, as Ellingson’s retraction (8) 
of his statement that “‘the BSRF is 
essential to the maintenance of the 
waking state.” Taking into consid- 
eration that the critic’s name was not 
Lysenko and that he was not backed 
by the might of a totalitarian party, 
Ellingson’s response shows that the 
state of semantic confusion was not 
limited to Schmidt. Furthermore, 
the second sentence to which he took 
exception introduces an element un- 
challenged by Schmidt, but disturb- 
ing to me. Ellingson spoke of the re- 
duction of activity of the BSRF as 
precipitating ‘‘a state of somnolence 
He further 
stated, in his original review (7), that 
“it is a moot question whether con- 
sciousness as a psychological state, 
in man at least, is possible without 
the cortex.”’ And in his reply to 
Schmidt, Ellingson (8) added that he 


or unconsciousness.” 


“did not intend to give the impres- 
sion that the reticular formation is by 
itself responsible for the state of con- 


Thus, the terms con- 
and unconsciousness are 
introduced into a discourse on wake- 
fulness and sleep, compounding the 
confusion. Also, Schmidt, in the very 
beginning of his note (13), probably 
inadvertently, imputed to Ellingson 
a conclusion that ‘“‘the brain stem 
reticular formation is identical with 
Kleitman’s ‘waking center.’’’ I was 
careful to point out (9) that the sub- 
cortical system in question should be 
designated as the ‘‘wakefulness cen- 
ter,’’ and not the ‘‘waking center,”’ as 
it is responsible for the maintenance 
of wakefulness, and not merely for the 
phenomenon of arousal from sleep, 


sciousness.” 
sciousness 
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and Ellingson himself had at no time 
used the term “waking center.” 
However, in his reply to Schmidt, 
Ellingson (8) defended his use of the 
term ‘‘wakefulness center’’ and indi- 
cated that, in his review (7), he came 
to look upon the BSRF as ‘‘a wake- 
fulness center,’’ rather than “the 
wakefulness center,"’ adding that 
“perhaps it was unwise to retain it 
[the term] thereafter, even while sub- 
stituting the article ‘a’ for ‘the.’ If 
there is more than one wakefulness 
center, where would Ellingson place 
them? And what is the relation of 
consciousness to wakefulness and 
sleep? 
SLEEP AND WAKEFULNESS 

Apart from the Schmidt-Ellingson 
controversy, and in more general 
terms, one may ask: how have the 
EEG and other findings affected the 
acceptability of the evolutionary 
theory of sleep and wakefulness 
which I propounded nearly two dec- 
ades ago? At the time, | disclaimed 
exclusive authorship for this theory, 
indicating that I intended “to draw 
freely on the experimental results and 
theoretical considerations of others, 
keeping in mind the requirement that 
a theory must be in agreement with 
known facts and should, if possible, 
be susceptible of experimental verifi- 
cation’’ (9). I further stated that I 
had “no doubt that modifications will 
be required in this theory as new facts 
are brought to light.”’ By the scheme 
proposed, an innate state of wakeful- 
ness, designated as ‘‘wakefulness of 
necessity,’’ is maintained through the 
activity of a subcortical wakefulness 
“center,’’ which, because of the cur- 
rent aversion to the conception of 
centers, will hereafter be called the 
mesodiencephalic wakefulness sys- 
tem (MDWS). This system operates 
in the absence or incapacitation of 
the cerebral cortex, employing feed- 
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back circuits with lower regions of 
the nervous system and peripheral 
receptors and effectors. Fatigue or a 
cyclical decrease in activity of the 
MDWS leads to sleep. There is 
nothing to learn or forget individu- 
ally: phylogenetic development and 
ontogenetic maturation account for 
the alternation of the innate sleep and 
wakefulness. It can be seen in new- 
born infants and in older anencephal- 
ous children, as well as in decorticated 
higher mammals. There are two cri- 
teria for the passage from innate 
wakefulness to innate sleep: (a) a 
marked decrease in activity of the 
skeletal musculature, with the as- 
sumption of a characteristic posture, 
and (b) a raised threshold of reflex 
excitability. The temporal aspects of 
the innate sleep-wakefulness period- 
icity are: (a) a cycle duration (in the 
human) of 2 to 4 hours, bearing little 
or no relation to the alternation of 
night and day, and (6) a dominance of 
the sleep phase, with, in newborn in- 


fants, a sleep-wakefulness ratio of 


2:1. The cycle is adjusted to the or- 
ganism’s need for food and water and 
is essentially a hunger-and-thirst 
periodicity. It may even be said that 
the MDWS embraces or is coexten- 
sive with centers or systems for ful- 
filling the general body needs or ani- 
malistic functions. Recent observa- 
tions in our laboratory and examina- 
tion of data obtained by other in- 
vestigators (3) revealed the existence, 
in infants, of a still shorter primitive 
rest-activity cycle, discernible even 
during continuous sleep, with a pe- 
riodicity of 50 to 60 minutes. Ona 
self-demand infant feeding schedule, 
the interfeeding periods are usually 
an integer of these primitive cycles, 
suggesting that if the infant is not 
awakened, through internal or ex- 
ternal stimuli, in the shallow phase of 
one cycle, it is not likely to awaken 
till this shallow phase recurs. Varia- 
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tions in illumination, noise level, and 
ambient temperature are responsible 
for the early manifestations of nycto- 
hemeral (diurnal) differences, the 
interfeeding periods, largely spent in 
sleep, ranging from 1 to 3 cycles in 
the daytime and from 3 to 5 cycles at 
night. The mechanism of the primi- 
tive cycle is unknown, but, like the 
cardiac and respiratory cycles, it 
tends to lengthen with age. It may 
be a metabolic variation, a pace- 
maker discharge, or a fatigue-recov- 
ery phenomenon. 

Grafted on the innate sleep-wake- 
fulness periodicity, as a result of onto- 
genetic development of the cerebral 
cortex and of individual experience of 
the infant, is a new sleep-wakefulness 
rhythm (9, 10), whose characteristics 
are: (a) a consolidation of the sleep 
and wakefulness phases, with a fixed 
adjustment to the astronomical al- 
ternations of night and day and a 
social acculturation to the family and 
community pattern of living, long 
unbroken sleep occurring at night, 
and (6) a lengthening of the wakeful- 
ness phase, which gradually achieves 
temporal dominance, with a sleep- 
wakefulness ratio, in man, reversed, 
becoming 1:2. The addition of the 
acquired ‘‘wakeiulness of choice’’ to 
the innate “wakefulness of 
sity’’ carries with it a fourfold in- 
crease in wakefulness-capacity, the 
adult human “paying” for each hour 
of wakefulness with one-half hour of 
sleep, instead of with two hours, as 
does the neonate. The acquired, con- 
solidated, once-in-24-hours, night 
sleep differs from the innate type in 
the occurrence of dreaming; it resem- 
bles innate sleep in the persistence of 
the primitive rest-activity cycles, 
which in the adult are of 80 to 90 
minutes’ duration, manifesting them- 
selves in oscillations in the depth of 
sleep (6). Whether the primitive pe- 
riodicity also expresses itself in fluc- 


neces- 
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tuations of alertness during the long 
hours of acquired wakefulness has 
not yet been established, but the 
postprandial nap habit of some per- 
sons and the satisfaction that others 
get from a 15-minute cat nap during 
the late afternoon or early evening 
letdown suggest a retention of the 
primitive periodicity in wakefulness. 

The mechanism of the acquired 
sleep-wakefulness rhythm can only 
be guessed at. It is probably partly 
nervous, a type of conditioning, and 
partly endocrine, a hypophyseal- 
adrenocortical tide, as seen in the 
nyctohemeral variation in the eosino- 
phile count. The “‘nervous’’ compon- 
ent involves the establishment of 
feed-back circuits between the MDWS 
and the cerebral cortex, as an exten- 
sion of those which originally existed 
between the MDWS and lower cen- 
ters. Thus, the MDWS can now in- 
fluence, and be influenced by, struc- 
tures lying ‘“‘above”’ 
low."’ As long as its connections with 
the cortex are unbroken, the dis- 
charges from the active MDWS 
maintain a ‘‘wakefulness’’ EEG pat- 
tern. But if these connections are 
anatomically severed or pharmaco- 
logically or electrically blocked, it 
should be possible to record a sleep 
EEG pattern, in the face of overt be- 
havioral wakefulness. Atropine-poi- 
soned dogs may be awake, in spite of 
their sleep EEG, and decorticated 
dogs and cats show periodic alterna- 
tions of sleep and wakefulness in the 
complete absence of a cerebral cortex. 
It is curious that in the voluminous 
literature on the BSRF and the sig- 
nificance of the arousal reaction, no 
mention is made of the influence of 
the BSRF downward, as revealed in 
the behavior of decorticated animals, 
anencephalous babies and normal 
human neonates. Desynchronization 
of cortical waves does occur in awak, 
ening, but only if there is a cortex! 


as well as “‘be- 
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It may be mentioned that sleep and 
wakefulness have recently been ob- 
served in completely decorticated 
monkeys (16), closing the breach be- 
tween data on man and on subpri- 
mate mammals. 

Just as a “sleep’’ EEG is without 
diagnostic significance in the pres- 
ence of behavioral wakefulness, as 
pointed out in the discussion of 
Schmidt's criticisms of Ellingson’s 
statements, so is a ‘wakefulness”’ 
EEG, obtained during behavioral 
sleep. Such an EEG was invariably 
observed in our laboratory (6) during 
dreaming, with the subjects unques- 
tionably asleep. The dreaming EEG 
pattern is that of light sleep, a ‘“‘modi- 
fed" alpha rhythm, 1 or 2 e.p.s. 
slower than the subject's wakefulness 
alpha, and somewhat less regular, but, 
significantly, without spindling. By 
the classification of Simon and Em- 
mons (14), such a dreaming EEG 
pattern would be designated as A-, 


a deep drowsy state, or B, a transi- 
tion state between wakefulness and 


sleep. It appears, then, that the 
EEG is of value in differentiating de- 
grees of alertness in wakefulness or 
the depth of sleep, provided wakeful- 
ness and sleep are first established by 
the application of behavioral criteria. 
In a conflict, behavior should take 
precedence over the EEG. 


WAKEFULNESS AND CONSCIOUSNESS 


It will be recalled that Schmidt's 
note (13) dealt only with sleep, but 
Ellingson, in his reply (8), stated that 
he “‘did not intend to give the impres- 
sion that the reticular formation is by 
itself responsible for the state of con- 
sciousness."’ This raises the question 
of the place of consciousness in the 
sleep-wakefulness dichotomy. The 
semantic confusion that prevails over 
the meaning of the term conscious- 
ness can be detected in the Transac- 
tions of the five annual Macy Foun- 
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dation Conferences on Problems of 
Consciousness (1), the several con- 
flicting definitions of the term during 
the symposium on Brain Mechanisms 
and Consciousness (5), and in Schil- 
ler’s ‘‘reconsideration”’ of the subject 
(12). Suffice it to say that the term 
consciousness has often been equated 
with wakefulness, by myself and 
others. True, some aspects of con- 
sciousness are also found in wakeful- 
ness, but only in acquired wakeful- 
ness, which depends on the cerebral 
cortex for its development and main- 
tenance. Sleep and wakefulness, as 
states, whether innate or acquired, 
can be objectively observed and to 
some extent measured—they can be 
compared and contrasted. Like ice 


and water, they can be distinguished 
from each other by simple inspection. 
The melting point of ice or freezing 
point of water correspond to the 
drowsiness level or intermediate stage 
between wakefulness and sleep. Liq- 


uid water may be near the freezing 
point or close to the boiling point, and 
so may alertness vary from semi- 
wakefulness to manic hyperactivity 
(“boiling mad"). Conversely, the 
depth of sleep, like the coldness of ice, 
may be close to the transition state or 
way down near coma. In conscious- 
ness the sleep-wakefulness dichotomy 
is absent. There is only one state, 
whose criteria are partly objective, 
but mainly subjective, the observer 
making only inferences. These cri- 
teria are: (a) critical, as against stere- 
otyped, reactivity, involving an an- 
alysis of incoming impulses in the 
light of one’s individual experience 
and the elaboration of appropriate 
reactions (thinking), and (5) subse- 
quent spontaneous or evoked recall 
of events (memory). The level of 
consciousness is variable and, at any 
moment, is determined by the degree 
of one’s ability to utilize his past and 
contribute to his future. In the new- 
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born infant, or older anencephalous 
child, as in the decorticated dog or 
cat, the level of consciousness is close 
to, if not at, zero. Their responses to 
stimuli do not meet the criteria for 
consciousness. Yet they show defi- 
nite alternation of sleep and wakeful- 
ness, of the innate type, to be sure. 
In animals naturally endowed with a 
cerebral cortex consciousness mani- 
fests itself only in the presence of a 
functioning cortex, and the same, as 
already stated, applies to acquired 
wakefulness. However, consciousness 
and even acquired wakefulness are 
not synonymous. Whereas a superior 
degree of alertness is probably con- 
comitant with a high level of consci- 
ousness, and profound slumber may 
be close to zero of consciousness, cer- 
tain intermediate levels of conscious- 
characterized by rather un- 
critical reactivity and poor retention 
for future use, or a short-lasting re- 
call of events, are compatible with 
either wakefulness or sleep. In de- 
lirium, fugues, icteral or posticteral 
automatism of psychomotor epilepsy, 
a person may be judged to be behavi- 
orally awake, but his level of con- 
sciousness is very low, and he may 
have a complete amnesia of events. 
By contrast, an individual behavior- 
ally asleep, but spinning a compli- 
cated yarn of a dream, may reach a 
higher level of consciousness, on the 
basis of the organization of the dream 
pattern and a spontaneous recall of 
events that made up the dream epi- 
sode. But that is only by contrast, 
for, as a rule, the level of conscious- 
ness in dreaming is lower than in nor- 
mal wakefulness: the reactivity is less 
critical and recall poorer. The shorter 
memory span explains why some per- 
sons can honestly maintain that they 
never, or very seldom, dream. If 
awakened during dreaming, they not 
only confirm the fact, but can relate 
the dream content, but if questioned 


ness, 
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upon awakening in the morning, they 
manifest a complete amnesia. 


Aside from his excursions into the 
semantically treacherous realm of 
consciousness, Ellingson’s statement 
concerning the dependence of behav- 
ioral wakefulness on the activity of 
the mesodiencephalic wakefulness 
system (MDWS), topographically 
coinciding with, or embracing, the 
brain-stem reticular formation 


(BSRF), is in accord with presently 
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available facts, and in conflict with 
none. His statement is further in ac- 
cord with the evolutionary theory of 
sleep and wakefulness. The place of 
consciousness in this scheme of things 
is less secure, as there is no commonly 
accepted definition or even descrip- 
tion of consciousness. However, con- 
sciousness is absent in innate wake- 
fulness, present in acquired wakeful- 
ness, and may be present in acquired 
sleep, during dreaming. 
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COMMENT ON KLEITMAN’S NOTE 


ROBERT J. ELLINGSON 
Nebraska Psychiatric Institute 


It is obvious that in my comments 
on Schmidt's note I did not make my- 
self entirely clear. In retracting the 
statement that ‘‘the BSRF is essen- 
tial to the maintenance of the waking 
state,”’ all | meant to retract was the 
word essential, on the grounds that it 
is not proved that structures other 
than the BSRF are not involved. On 
the other hand there is no satisfac- 
tory evidence that other structures 
are involved. I thought it was im- 


plicit in my comments that I did not 
find Schmidt's evidence wholly con- 
vineing; perhaps I should have stated 


so explicitly. As a matter of opinion, 
I feel that there is probably not more 
than one ‘‘wakefulness center,” but | 
do not really know. Until another is 
identified, I agree that we can very 
well ‘‘make do” with the 
have. 

Kleitman’s points with regard to 
the area of semantic confusion sur- 
rounding the terms wakefulness and 
consciousness are well made. His 
clarifying discussion is much appreci- 
ated. 


one we 
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ON WILSON’S DISTRIBUTION-FREE TEST OF ANALYSIS OF 
VARIANCE HYPOTHESES 
QUINN McNEMAR 
Stanford University 


Since the proposal recently made 
in this journal by Wilson (7) for a x? 
test as a basis for testing hypotheses 
in 2-way, 3-way, ---, m-way analy- 
sis of variance designs has considera- 
ble intuitive appeal and entails rela- 
tively easy computations, it is apt to 
be uncritically adopted in lieu of the 
F test. The procedure, applicable 
only to the fixed effects model, in- 
volves classifying the scores in each 
cell as exceeding (or falling below) the 
over-all median and using the known 
fact that a total x’, like a sum of 
squares, can be apportioned into ad- 
ditive parts. It must be presumed 
that this proposed test, as all existing 
distribution-free tests, will be less 
powerful than the F test (when the 
assumptions underlying the latter are 
met). It is the purpose of this note to 
contrast the outcome of the Wilson 
test and the F test for seven batches 
of data each involving 2-way classifi- 
cation. 


In Table 1 will be found the p 
values (juxtaposed) yielded by the F 
test and by Wilson's x? test for row, 
for column, and for interactive ef- 
fects. It is difficult to summarize 
adequately the 21 possible compari- 
sons. If a p of .01 is used as the level 
for judging significance, the Wilson 
test agrees with the F test for each of 
the 9 times that F leads to the ac- 
ceptance of the null hypothesis. This 
is exactly what one would expect 
from a less powerful test, hence such 
agreement is of little interest. Of the 
11 p's reaching the .01 level by the F 
test, 6 fail, 5 by a wide margin, to do 
so by the Wilson test. Use of the .05 
level leads to a similar picture. 

Another way of summarizing the 
comparisons is to note that the me- 
dian level reached via Wilson's test is 
.17 in contrast to a median of .01 by 
the F test. Also, on the average 
(median) the x? p’s are nearly six 
times larger than the corresponding 


TABLE 1 


LEVELS OF SIGNIFICANCE REACHED BY Way or F Test AND WILSON’'s x? TEST 


Number 


Source of Data 
Col- In 


Rows . 
umns~ Cells 


Edwards (1) p. 209 10 
Lindquist (3) p. 165 k 10 
McNemar (4) p. 299) 20 
Snedecor (5) p. 280 | 4 
Snedecor (5) p.281| 10 
Walker and Lev (6) 

p. 350 |} 4 3 
Artificial data 2 ig 20 


.0005 


p Level Reached 
Columns Interaction 


P x? PF ma PF x? 


° 0002 
01 08 


005 53 05 06 
0005** 005 20 43 
001 10 17 10 46 
20 47 50 90 0005 .0004 
50 60 0005 01 10 10 


0005 12 10 58 
005 03 =| .0005 30 


025 30 
005 60 


* The F for this is 65.19, which is 4 times the F required for significance at the .0005 level. The corresponding 
of 8.07 would, if interpretable as a normal deviate, be significant at the .000,000,000,000,001 level; but with a df 
of 36 it would, perhaps, be significant at only the one in a billion level! 


** F is nearly twice that required for the .0005 level 
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p's from the F test. A number of 
startlingly large discrepancies occur. 

The foregoing empirical results 
suggest rather strongly that the 
power of Wilson's proposed test is 
very low, whence those who hope to 
detect effects will not wish to risk its 
use. It seems unreasonable to believe 


that any of the six textbook illustra- 
tions used violates the assumptions 
underlying F; the last example (arti- 
ficial data) in Table 1 strictly meets 


QUINN MCNEMAR 


all the assumptions. For data not 
satisfying the assumptions of the 
F test, it would be far better to 
proceed with the F test and require 
that an obtained F reach the .01 
level in order to be sure of signifi- 
cance at better than the .05 level or 
that an obtained F reach the .005 
level for significance at near the .01 
or .02 level. These suggestive adjust- 
ments are based on the work of Nor- 
ton, as reported by Lindquist (2). 
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